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This  report  outlines  the  development  of  a 400  HZ,  30  KW  generator,  to  be 
used  in  a Mobile  Electric  Pover  Plant  (MEPP).  The.  developed  generator 
complies  vith  the  new  standard  for  ground  power,  MXL-STD-704C . A computer 
aided  design. was  used  to  develop  engineering  generator  system  parameters 
from  desired  specified  output  requirements.  The  computer  program  was 
fully  substantiated  by  actual  test  results. 
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SUMMARY 

A.  GENERAL.  Because  the  military  standard  for  mobile  electric  power  genera- 
tion requires  a substantial  improvement  in  the  quality  of  the  power  being 
produced,  new  equipment  utilizing  the  latest  electronic  system  control  tech- 
nology will  be  required  to  meet  the  high  level  of  stability  set  forth  in  the 
new  specification. 

B.  PROCEDURES  ARB  RESULTS.  In  the  current  exploratory  development  program, 
an  existing  30  kilowatt  diesel  driven  generator  set  with  a high  reliability 
was  utilized.  To  make  any  necessary  design  changes,  a computer  program  was 
developed  to  calculate  the  generator’s  electrical  parameters  from  the  physi- 
cal characteristics. 

The  current  exploratory  development  program  has  been  organized  into  three 
basic  groups.  The  first  of  these  specifies  the  major  requirements  as  stated 
in  MIL-STD-70UC . These  individual  requirements  are  indicated  in  Figures  1 
through  U.  The  second  group  of  the  program  presents  the  calculated  results 
of  the  computer  program  developed  to  fulfill  the  individual  requirements  of 
the  first  group.  These  calculated  results  are  shown  in  Figures  5 through  10 
and  Tables  1 through  3,  Summary  of  Design  Calculations.  The  third  group 
provides  verification  of  calculated  results  by  actual  test  data.  The  critical 
part  of  this  test  data  is  recorded  in  Figures  11  and  12.  Complete  verifica- 
tion of  the  program  calculations  are  presented  in  Appendices  A through  E. 

1.  The  procedure  adopted  analyzed  the  performance  of  the  generator 
under  various  loading  conditions  to  determine  if  the  unit  was  capable  of 
generating  power  for  aircraft  utilization  equipment  in  conformance  with 
MIL-STD-7 OltC . The  analysis  indicated  that  some  of  the  machine  parameters 
required  further  investigations.  Calculations  to  make  the  proper  changes 
were  made  and  modifications  suggested. 

2.  Many  of  the  requirements  of  MIL-STD-7 O^C  were  related  to  the  control 
system  of  the  MEPP.  Several  computer  programs  were  developed  to  design  new 
voltage  and  frequency  control  circuits.  Figures  8 through  10  represent  the 
output  of  those  computer  programs.  The  new  controlling  circuits  that  are  to 
be  used  on  the  generator  may  be  in  the  form  of  a microcomputer.  A concurrent 
development  program  is  being  done  to  design  this  system.  When  both  programs 
are  completed,  they  will  be  combined  with  each  other  to  become  a new  MEPP 
power  system. 

3.  To  confirm  computer  calculations  and  obtain  the  proper  design  param- 
eters, a comprehensive  test  program  was  developed  and  implemented.  All  the 
requirements  of  MIL-STD-70UC  regarding  ground  support  gear  were  investigated 
and  documented  according  to  the  MIL  Standard  test  directive  (MIL-STD-705B) . 
This  directive  describes  the  proper  method  of  testing  a generator's  perform- 
ance characteristic  to  any  military  specification. 

it.  When  the  obtained  test  data  was  compared  to  results  calculated  by 
the  computer,  it  was  observed  that  calculated  and  obtained  test  results  were 
in  agreement.  Table  it  presents  the  requirements  of  various  standards  and 
specifications  as  compared  to  actual  test  results. 
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5.  After  completing  several  design  changes  and  retesting  the  generator 
output,  a generator  design  that  conforms  to  MIL-STD-TOUC  was  attained. 

6.  At  present  a generator  that  conforms  to  the  requirements  of  MIL-STD- 
70Uc  is  being  modified  to  adapt  to  a microcomputer  control  system. 

C . CONCLUSIONS  AND  RECOMMENDATIONS . A new  standard  of  power  is  now  required 
for  ground  support  equipment  as  described  in  MIL-STD-70UC . A study  was  made 
to  obtain  an  engine  generator  that  was  most  likely  to  comply  with  the  new 
requirement.  A DQD  30  KW  diesel  driven  generator  was  obtained  due  to  its 
favorable  electro— mechanical  characteristics  and  availability.  A computer 
program  was  developed  to  calculate  generator  electrical  characteristics  from 
generator  mechanical  parameters.  To  verify  computer  results,  a generator 
test  program  was  developed  and  employed.  Results  indicated  that  the  computer 
program  and  generator  test  data,  in  most  cases,  were  in  agreement . 

From  this  data  design  changes  were  incorporated  on  the  generator.  The 
result  is  a generator  that  complies  with  MIL-STD-TOUc . 

It  is  recommended  that  the  generator  with  the  modified  design  be  used  in 
any  new  or  retrofitted  mobile  electric  power  plant  that  is  to  be  put  into 
the  fleet . 

In  the  future,  it  is  recommended  that  the  design  criteria  used  to  develop 
a 30  KW  engine-generator  power  system  be  used  for  all  design  projects  of  the 
same  type. 


NAEC-92-125 


PREFACE 

Almost  all  the  aircraft  electrical  power  ground 
support  equipment  used  by  the  Navy  was  designed  over 
a decade  ago  and  has  not  kept  pace  with  the  rapidly 
advancing  technology.  Due  to  the  existing  grade  of 
power  (per  MIL-STD-70UA ) , equipment  problems  have 
been  encountered.  There  has  been  an  effort  to  revise 
the  existing  specification  which  resulted  in  the 
preparation  and  issue  of  MIL-STD-704C,  "Aircraft 
Electrical  System  Characteristics". 

The  present  ground  support  equipment  does  not 
meet  the  new  specifications  of  MIL-STD-70UC.  Because 
of  this,  a development  program  has  started  to  replace 
the  existing  Mobile  Electric  Power  Plants  (MEPPs). 

The  new  MEPPs  will  provide  aircraft  systems  with 
necessary  power  requirements  in  conformance  with  the 
new  specification  during  periods  of  ground  mainten- 
ance and  pre- flight  checks. 
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I.  INTRODUCTION 

A.  Current  and  proposed  Navy  aircraft  carry  an  appreciable  quantity  of 
electrical  and  electronic  equipment  that  must  perform  satisfactorily  if 
mission  goals  are  to  be  achieved. 

B.  In  order  to  perform  properly,  this  equipment  must  be  supplied  a required 
quality  of  input  power.  For  instance,  AC  devices  must  be  supplied  with  vol- 
tage within  certain  amplitude  and  frequency  limits  and  the  voltage  wave  form 
can  contain  only  a very  limited  amount  of  distortion.  Similarly,  DC  devices 
can  only  tolerate  a small  amount  of  ripple  at  their  required  voltage  levels. 
The  requirement  for  proper  voltage  regulation  and  minimal  frequency  fluctua- 
tion is  essential  for  the  proper  operation  of  the  equipment  during  both 
steady  state  and  transient  operating  conditions.  To  avoid  the  possibility 
of  equipment  malfunction  due  to  poor  electrical  power  quality,  the  charac- 
teristics of  electrical  power  supplied  to  utilization  equipment  aboard  air- 
craft are  delineated  by  specification. 

C.  From  approximately  1959  through  19T5  the  specification  used  was  MIL- 
STD-TOUA,  "Electric  Power,  Aircraft,  Characteristics  and  Utilization  Of". 
However,  equipment  problems  recently  encountered  could  be  traced  directly 

to  the  power  generation  equipment  supplying  it  with  electricity,  even  though 
those  generators  complied  with  MIL-STD-704A.  An  effort  to  revise  the 
specification  resulted  in  the  preparation  and  issuance  of  MIL-STD-704B, 
"Aircraft  Electrical  System  Characteristics"  in  November  1975.  which  was 
superseded  by  MIL-STD-70UC  in  December  1977. 

D.  Because  of  the  more  stringent  requirements  of  MIL-STD-70UC,  the  Ground 
Support  Equipment  community  recognized  the  need  to  develop  Mobile  Electric 
Power  Plants  (MEPPs)  that  would  provide  aircraft  systems  the  necessary  power 
requirements  in  conformance  with  the  new  specification  during  periods  of 
ground  maintenance  and  pre-flight  checks.  The  development  of  these  MEPPs 

is  most  essential  because  it  is  highly  unlikely  that  the  smaller,  lighter 
weight  aircraft  of  the  future  will  have  auxiliary  onboard  power  units  to 
operate  their  power  hungry  avionic  systems  when  the  airplane's  propulsion 
engine  is  not  running.  The  heart  of  the  MEPP  is  the  engine-generator  sec- 
tion which  must  provide  power  during  all  phases  of  ground  maintenance. 

This  program  deals  with  the  development  of  a 30  KW  generator  to  be  used  in 
future  Mobile  Electric  Power  Plants. 

E.  This  report  supersedes  report  NAEC-GSED-107 . 
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II.  EQUIPMENT  AND  PROCEDURES 

A.  In  the  current  program,  an  existing,  highly  reliable  diesel  driven  gen- 
erator set  is  being  utilized  as  the  basic  building  block.  By  specification, 
this  generator  set  has  a required  MTBF  of  500  hours.  It  was  chosen  because 
it  is  one  of  the  most  advanced  400  Hertz  generators  and  provides  the  most 
promise  of  complying  with  the  requirements  of  MIL-STD-70UC. 

B.  After  considering  the  many  alternatives,  a decision  was  made  to  have  the 
personnel  at  the  Naval  Air  Engineering  Center  design  the  new  power  system. 
This  decision  was  not  only  cost  effective,  but  also  provided  an  opportunity 
to  gain  the  much  needed  knowledge  that  would  be  beneficial  in  future  pro- 
jects. To  help  with  the  design  stages,  the  services  of  a consultant  was 
obtained  who  is  an  expert  in  the  field  of  power  generation  and  has  worked 
with  industry  on  projects  which  are  related  to  the  present  program  and  has 
an  outstanding  knowledge  of  practical  applications. 

C.  Along  with  hiring  a consultant,  a computer  program  was  obtained  and 
developed  to  make  generator  design  calculations.  This  program  is  helpful 
in  that  from  the  physical  dimensions  of  the  generator,  many  of  the  electri- 
cal parameters  can  be  calculated.  Output  data  such  as  line  current,  field 
current,  field  voltage,  flux  densities,  and  various  losses  can  be  obtained 
for  several  power  factors.  The  program  was  run  and  the  input  data,  design 
sheet  data,  and  the  computer  results  were  al 1 tabulated. 

D.  To  verify  the  validity  of  the  results  of  the  computer  program,  a gen- 
erator test  program  was  developed.  The  engine  and  generator  were  modified 
for  laboratory  experimentation  and  upon  completion,  the  test  program 
employed.  A detailed  description  of  the  various  test  methods  and  test 
results  can  be  seen  in  the  appendix  section  of  this  report. 
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III.  ANALYSIS 

A.  Suggested  modifications  to  the  existing  engine  generator  set  were  deter- 
mined by  two  methods.  The  first  method  was  the  computer  program  that  was 
developed  to  provide  theoretical  electrical  output  characteristics  based  on 
the  generator's  physical  parameters.  The  second  source  of  information  came 
from  the  generator  test  program  results.  Using  the  results  of  both  programs 
various  modifications  were  incorporated  on  the  generator  to  have  it  conform 
to  MIL-STD-70UC . 

B.  Appendix  E contains  the  formulas  used  to  calculate  the  generator's  per- 
formance at  various  loading  conditions.  The  results  of  the  computer  program 
are  indicated  in  Tables  1,  2 and  3 in  the  following  pages.  Various  generator 
parameters  sure  indicated  at  load  points  of  0,  50,  100,  150  and  200  percent 
load  in  Table  1. 

C.  The  following  pages  indicate  calculated  values  of  generator  performance 
under  various  load  conditions.  Output  values  were  based  on  calculated  elec- 
trical paurameters  that  were  obtained  from  the  physical  characteristics  taken 
from  generator  design  generator  sheets. 

D.  The  30  KW  generator  was  obtained  on  a test  bed  with  a 90  horsepower 
Hercules/White  diesel  engine  used  as  the  prime  mover.  The  engine  and  gen- 
erator were  modified  for  laboratory  instrumentation  and  tested.  Each  portion 
of  MIL-STD-TOUc  was  tested  according  to  the  Test  Method  prescribed  in 
MIL-STD-705B.  Using  the  test  method  described  in  MIL-STD-705B,  the  generator 
was  first  tested  in  accordance  with  MIL-STD-701+B  and  then  to  the  most  recent 
MIL  Standard,  70UC.  When  a clarification  of  a requirement  was  needed,  the 
generator  was  tested  to  MIL-G-21U80  which  is  an  aircraft  generator  specifica- 
tion. A comparison  of  the  requirements  of  MIL-STD-70UB  versus  MIL-STD-70UC 
versus  MIL-G-21U80  and  the  results  of  the  generator  test  can  be  observed  on 
Table  U. 
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TABLE  1.  SUMMARY  OF  DESIGN  CALCULATIONS 
(OUTPUT  - PERCENT  LOAD)  * 


PERCENT  LOAD 

0 

50 

100 

150 

200 

h 

LEAK  FLUX 

71.00 

83.17 

91+.2 

106.3 

119.0 

0P 

FLUX  PER  POLE  IN 
KILOLINES 

1+37.00 

1+58.3 

1+77.6 

1+97.9 

519.1 

Bt 

TOOTH  DENSITY  IN 
KILOLINES/ in2 

96.5 

101.1 

105.1+ 

109.8 

111*.  5 

FP 

POLE  AMP  TURNS 

87.8 

11+6.1+ 

231+.1+ 

31+6.0 

511.5 

Fff 

TOTAL  AMP  TURNS 

611.1+ 

759.8 

929.7 

Fff 

FIELD  AMPS 

10.91 

13.5 

16.6 

20.1 

21+.8 

S 

CURRENT  DENSITY  IN 

FIELD  CONDUCTORS 

131+7.50 

167I+.3 

201+8.8 

21+90.1+0 

3062.1 

m 

FIELD  VOLTS 

19.36 

29.3 

35.9 

1+3.61+ 

53.6 

i2Rr 

ROTOR  l2R 

680.3 

688.8 

710.0 

71+1.90 

783.7 

F & W 

FRICTION  & WINDAGE  LOSS 

211.1+ 

398.1 

596.1 

880.8 

1331.6 

Wip 

STATOR  TEETH  LOSS 

987.0 

987.0 

987.0 

987.0 

987.0 

Wc 

STATOR  CORE  LOSS 

320.1 

320.1 

320.1 

320.1 

320.1 

Wp 

POLE  FACE  LOSS 

528.1 

5I+I.8 

583.2 

652.3 

71+9.0 

WD 

DAMPER  LOSS 

179.3 

199.5 

211+.7 

21+0.2 

275.8 

i2r 

STATOR  I2R 

0 

199.9 

1918.5 

EDDY  LOSS 

0 

0 

0 

0 

0 

TOTAL  LOSSES  (w) 

2906.3 

3255.U 

3891.0 

1+901.7 

6365.9 

RATING  (KW) 

0 

11+.9 

29.9 

1+1+ . 9 

59.9 

RATING  AND  LOSSES  (KW) 

2.90 

18.2 

33.8 

1+9.8 

66.3 

PERCENT  LOSSES 

100.0 

17.8 

11.1+ 

9.8 

9.6 

PERCENT  EFF 

0 

82.1 

88.5 

90.16 

90.1+ 

* Formulas  for  calculations  in  Appendix  E. 
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TABLE  2.  SUMMARY  OF  DESIGN  CALCULATIONS 
SALIENT  POLE  (COMPUTER  INPUT) 


PARAMETERS 


KVA 


E 


I ePH I 


GENERATOR  KVA 

LINE  VOLTS 


PHASE  VOLTS 


PHASES 


FREQUENCY  ' 


POLES 


SPEED 


PHASE  CURRENT 


JPOWER  FACTOR 

ADJUSTMENT  FACTOR 


OPTIONAL  LOAD  POINT 


STATOR  PUNCHING  I.D. 


STATOR  PUNCHING  O.D. 


GROSS  STATOR  CORE  LENGTH 


OF  DUCTS  


RADIAL  DUCT  WIDTH 


STACKING  FACTOR  (STATOR) 


WATTS/LB 

DENSITY 


TYPE  OF  SLOT 


SLOT  OPENING 


SLOT  WIDTH  ACROSS  TOP 


INSIDE  WIDTH  ACROSS  BOTTOM 


OUTSIDE  WIDTH  ACROSS  BOTTOM 


SLOT  WIDTH  ACROSS  BOTTOM 


HEIGHT  OF  SLOT  NECK 


DISTANCE  BETWEEN  SLOT  OPENINGS 


DISTANCE  FROM  UPPER  OPENING  TO  TOP  SLOT 


DISTANCE  BETWEEN  SLOTS 


SLOT  DEPTH 


DISTANCE  FROM  UPPER  SLOT  TO  NECK 


DISTANCE  FROM  UPPER  SLOT  TO  TAPER 


STATOR  SLOTS 


STATOR  WINDING 


TYPE  OF  WINDING 


TYPE  OF  COIL 


CONDUCTORS/SLOT 


SLOTS  SPANNED 


PARALLEL  CIRCUITS 


STRAND  DIAMETER  OR  WIDTH 


NUMBER  OF  STRANDS  PER  CONDUCTOR  IN  DEPTH 


OF  STRANDS  PER  CONDUCTOR 


STATOR  STRAND  T'KMS 


DIAMETER  OF  BENDER  PIN 


COIL  EXTENSION  BEYOND  CORE 
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TABLE  2.  SALIENT  POLE  (COMPUTER  INPUT)  (CONTINUED) 


iSTATOR  WINDING  (CONTINUED 


HEIGHT  OF  UNINSULATED  STRAND 
DISTANCE  BETWEEN  CENTERLINES 


Xl 


'DAMPER  BAR 


SKEW 

STATOR  TEMP  °C 


RESISTIVITY  OF  STATOR  WINDING 


MINIMUM  AIR  GAP 


MAXIMUM  AIR  GAP 


FUND/MAX  OF  FIELD  FLUX 


NDING  CONSTANT 


POLE  CONSTANT 


EXTENSION  LENGTH 


DEMAGNETIZING  FACTOR 


CROSS  MAGNETIZING  FACTOR 


POLE  HEAD  WIDTH 


POLE  BODY  WIDTH 


POLE  HEAD  HEIGHT 


POLE  BODY  HEIGHT 


POLE  BODY  LENGTH 


POLE  HEAD  LENGTH 


POLE  EMBRACE 


ROTOR  O.D. 


STACKING  FACTOR  (ROTOR 


WEIGHT  OF  ROTOR  IRON 


POLE  FACE  LOSS  FACTOR 


WIDTH  OF  SLOT  OPENING 


HEIGHT  OF  SLOT  OPENIN 


RECTANGULAR  BAR  THICKNESS 


RECTANGULAR  SLOT  WIDTH 


y ' * *•)  I V*  ;■  tfil 


DAMPER  BAR  LENGTH 


DAMPER  BAR  PITCH 


BAR  RESISTIVITY 


DAMPER  BAR  TEMP  °C 


2233 


OF  FIELD  TURNS 


LENGTH  FIELD  TURN 


FIELD  TEMP  IN  °C 


RESISTIVITY  OF  ROTOR  WINDING  AT  20°C  COLD 


AT.  


FRICTION  & WINDAGE  LOSS 
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TABLE  3.  SUMMARY  OF  DESIGN  CALCULATIONS 

SALIENT  POLE  (OUTPUT  - GEN.  DATA  VS  COMPUTER) 


GEN.  DATA  COMP.  PGM. 


[STATOR 


-'I's  1/3  . 

_ kSK  

_«d  


SOLID  CORE  LENGTH 


DEPTH  BELOW  SLOTS 


STATOR  SLOT  PITCH 


STATOR  SLOT  PITCH  1/3  DIST.  UP 


SKEW  FACTOR 


DISTRIBUTION  FACTOR 


PITCH  FACTOR 


TOTAL  EFFECTIVE  COpUCTORS 

CONDUCTOR  AREA  OF  STATOR  WINDING 


CURRENT  DENSITY 


1/2  MEAN  TURN 


COLD  STATOR  RESISTANCE/PHASE 

HOT  STATOR  RESISTANCE/PHASE 

EDDY  FACTOR  TOP 


EDDY  FACTOR  BOTTOM 


SLOT  LEAKAGE  PERMEANCE 


END  WINDING  FLUX  LEAKAGE  PERMEANCE 


WT.  OF  STATOR  COPPER 


WT.  OF  STATOR  IRON 


POLE  PITCH 


POLE  AREA 


POLE  END  LEAKAGE  PERMEANCE 


POLE  TIP  LEAKAGE  PERMEANCE 


POLE  SIDE  LEAKAGE  PERMEANCE 


AREA  OF  CONDUCTOR 


COLD  FIELD  RESISTANCE  AT  20°C 


HOT  FIELD  RESISTANCE  AT  X°C 


WT.  OF  FIELD  COPPER 


WT.  OF  ROTOR  IRON 


PERIPHERAL  SPEED  OF  ROTOR 


OPEN  CIRCUIT  TIME  CONSTANT 

ARMATURE  TIME  CONSTANT 

TRANSIENT  TIME  CONSTANT 

SUBTRANSIENT  TIME  CONSTANT 

SHORT  CIRCUIT  AMPERE  TURNS 

SHORT  CIRCUIT  RATIO 


CARTER  COEFFICIENT 


AIR  GAP  AREA 


AIR  GAP  PERMEANCE 


EFFECTIVE  GAP 


2?0.0 

2.221 


.102 

.005 

221.390 

2.760 
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TABLE  3.  SALIENT  POLE  (OUTPUT  - GEN.  DATA  VS  COMPUTER)  - CONTINUED 


GEN.  DATA  COMP.  PGM. 


1 CONSTANTS 

C1 

FUND/MAX  OF  FIELD  FLUX 

1.137 

1.189 

cw 

WINDING  CONSTANT 

.1*1*5 

. .1*66 

Cp 

POLE  CONSTANT 

r " 

.735 

• 8oj_ 

LE  . 

END  EXTENSION  LENGTH 

2.5991 

<£  ^ 

DEMAGNETIZING  FACTOR 

.81*0 

.823 

Cfl 

CROSS  MAGNETIZING  FACTOR 

— 

• 517 

IREACTANCE 

A 

AMPERE  CONDUCTORS  PER  INCH 

/305.788  I 

X 

REACTANCE  FACTOR 

( .1*1*9 

7 .1*39 

Xf 

LEAKAGE  REACTANCE 

— 

5.838 

xad 

REACTANCE  OF  ARMATURE  REACTION 

.385 

38.380 

xaq  - 

QUADRATURE  REACTANCE 

.201* 

■E3E31I 

*a  . 

SYNCHRONOUS  REACTANCE 

.1*85 

1*1*.  22U  1 

x“ 

QUAD-AXIS  SYNCHRONOUS  REACTANCE 

.301* 

26.105 

xf  ZJ 

FIELD  LEAKAGE  REACTANCE 

• 073  „ 

8.266 

Lf 

FIELD  SELF  INDUCTANCE 

,P.U. 

.229 

% 

.61*3 

XDrf 

DAMPER  LEAKAGE  REACTANCE  DIRECT 

.01*1 

3.302 

xd8  - 

DAMPER  LEAKAGE  REACTANCE  QUADRATURE 

.028 

2.309 

-X'du_ 

UNSAT.  TRANS.  REACTANCE 

.173 

1U.105 

. X'd 

SAT.  TRANS.  REACTANCE 

.152 

mm 

L x"d 

SUB.  TRANS.  REACT.  DIRECT  AX. 

.11*1 

jVVPRSl 

- - X"8 

SUB.  TRANS.  REACT.  QUAD  AX. 

.121* 

8.11*8 

x2 

NEG.  SEQUENCE  REACTANCE 

■KS 1 

8.6UU 

“xo2_H 

ZERO  SEQUENCE  REACTANCE 

~\7°6]L 

\ .626 

MAGNETIZATION 

TOTAL  FLUX 

— ^ 1 II  H M Bl 

*p 

FLUX  PER  POLE 

--  Bg 

GAP  DENSITY 

1*1.80 

39.710 

B? 

TOOTH  DENSITY 

92.50 

93.630 

Bc 

CORE  DENSITY 

3l*.00 

31*.  890 

Frp 

STATOR  TOOTH  AMPERE  TURNS 

21.770 

FC  , 

STATOR  CORE  AMPERE  TURNS 

1.210 

P 

Fg 

AIR-GAP  AMPERE-TURNS 

52U.00 

500.600 
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IV.  DISCUSSION  OF  RESULTS 

A.  GENERAL.  Presently  the  Navy  is  developing  a program  to  replace  existing 
Mobile  Electric  Power  Plants.  The  units  to  be  replaced  are  the  NC-8A  and 
the  NC-2A,  two  commonly  used  MEPPs  that  were  built  to  the  requirements  of 
MIL-STD-70UA.  These  units  are  known  to  have  high  overall  failure  rates, 
low  maintainability,  and  a Mean-Time-Between  Failure  (MPBF)  below  50  hours. 

To  provide  the  new  generator  power  capability  required  by  MIL-STD-70UC  and 
provide  a higher  reliability  and  maintainability  of  the  total  unit,  a new 
MEPP  is  to  be  developed. 

The  heart  of  the  new  MEPP  will  be  a diesel  driven  generator  using  a 
brushless  exciter  to  eliminate  the  maintenance  requirement  of  brushes.  An 
exploratory  R&D  program  to  develop  a generator  capable  of  supplying  aircraft 
utilization  equipment  power  per  MIL-STD-704C  has  been  completed. 

B.  APPROACH  AND  SPECIFIC  RESULTS.  In  the  generator  development  program,  a 
generator  was  obtained  with  a diesel  engine  on  a test  bed.  The  system  was 
modified  for  laboratory  instrumentation  and  various  generator  test  equipment 
was  purchased  to  analyze  the  system's  output  under  various  loading  conditions. 

1.  To  make  an  analytical  study,  a computer  program  was  developed  to 
make  generator  design  calculations  and  predicted  output  characteristics. 

This  program  was  helpful  in  that  from  the  physical  dimensions  of  the  genera- 
tor, many  of  the  electrical  parameters  can  be  calculated.  Output  data  such 
as  line  current,  field  current,  field  voltage,  flux  densities  and  various 
losses  can  be  obtained  at  50%,  100/t,  150/C  and  200%  of  full  load.  This  data 
can  be  obtained  under  any  power  factor  or  any  loading  conditions.  For  this 
program  data  was  obtained  at  .8  lagging  power  factor;  see  Table  1 for  results. 

2.  Results  of  the  program  were  tabulated  and  compared  to  the  require- 
ments of  MIL-STD-704C.  Using  a step  by  step  approach  to  each  requirement 
of  MIL-STD-70UC , every  requirement  within  the  power  system  Standard  was 
compared  to  the  output  characteristics  of  the  generator,  see  Table  4.  Volt- 
age regulation,  voltage  unbalance,  voltage  transients,  harmonics,  frequency 
drift  and  frequency  modulation  are  some  of  the  major  parameters  that  were 
analyzed.  As  an  example  of  the  work  that  was  done,  in  the  case  of  voltage 
unbalance,  it  was  observed  that  the  voltage  unbalance  during  worst  case  con- 
ditions did  not  comply  with  the  requirements  of  MIL-STD-704C.  Calculations 
were  made  to  alter  the  generator's  characteristics  under  load  unbalance  and 
proper  recommendations  were  made  to  correct  the  problem. 

3.  As  each  portion  of  the  new  standard  was  analyzed,  it  was  observed 
that  many  characteristics  of  the  generator  complied  with  the  requirements 
of  MIL-STD-704C  as  it  existed  and  only  a few  parameters  required  moderate 
modifications.  Often,  a resistance  or  minor  winding  change  was  all  that  was 
necessary  to  make  the  system  conform  to  the  proper  specification.  These 
calculations  may  be  seen  in  the  appendices  of  this  report. 

4.  In  other  areas,  modifications  were  more  difficult,  as  in  the  case 
of  voltage  transient  time  of  the  generator.  The  time  for  the  power  system 
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to  recover  from  no  load  to  full  is  dependent  on  generator  field  and  exciter 
times  constants  as  well  as  voltage  regulator  parameters.  To  deal  with  this 
problem,  several  computer  programs  were  developed  to  solve  the  mathematical 
equation  that  represents  the  transfer  functions  of  the  generator  and  control 
circuits.  The  program  was  designed  to  solve  the  equations  and  print  out 
generator  phase  voltage,  field  voltage  and  exciter  current  for  increments 
of  time.  Along  with  the  list  of  output  parameters,  the  program  plots  a 
curve  of  phase  voltage  for  increments  of  time  when  a step  load  is  applied 
to  the  generator's  terminals.  Figures  8,  9,  and  10.  From  this  print  out,  a 
determination  could  be  made  as  to  what  the  time  constants  were  within  the 
generator  and  what  electrical  characteristics  a voltage  regulator  would  be 
responsible  for. 

5.  The  information  obtained  from  the  computer  program  was  then  the 
input  data  for  a concurrent  project  "Application  of  Microcomputer  to  Mobile 
Electric  Power  Plants".  In  this  program,  a voltage  regulator  and  frequency 
control  unit  has  been  developed  to  use  with  the  engine  generator.  Using  the 
present  engine-generator  set  with  the  microcomputer  circuits,  a power  sys- 
tem that  conforms  to  MIL-STD-701+C  has  been  achieved. 

6.  To  verify  the  validity  of  the  computer  program  results,  a generator 
test  program  was  developed.  As  stated  previously,  the  engine  generator  was 
modified  for  laboratory  instrumentation.  An  extensive  test  program  was 
employed  using  the  prescribed  method  of  Test  Standard  MIL-STD-705B.  Using 
this  test  standard  as  a guide,  a step  by  step  analysis  of  the  generator 
characteristics  were  made  until  all  of  the  requirement  of  MIL-STD-70UC  were 
investigated. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 

A.  CONCLUSIONS . There  is  a current  program  within  the  Navy  to  replace 
existing  Mobile  Electric  Power  Plants.  Existing  units  do  not  comply  with 
the  new  standard  of  power  and  are  overdue  for  retirement.  To  develop  a 
Mobile  Electric  Power  Plant,  several  major  programs  were  deployed  - one  of 
those  subtasks  being  a 30  kilowatt  diesel  driven  generator  development 
program. 

This  program  progressed  through  a sequence  of  feasibility  studies, 
theoretical  calculations,  breadboard  building  and  test/evaluations  analyses. 

After  completion  of  all  the  development  phases,  results  indicate  that 
the  DOD  diesel  driven  generator,  MEPP  ll^A,  is  an  acceptable  unit  to  be  used 
in  a Mobile  Electric  Power  Plant. 

1.  Data  obtained  from  the  feasibility  study  has  indicated  that  the 
generator  has  a mean-time-between-failures  of  500  hours. 

2.  From  results  obtained  from  several  computer  programs,  the  generator 
has  the  proper  electrical  parameters  to  comply  with  MIL-STD-70^C . 

3.  Test  and  evaluation  data  substantiate  program  calculations  as  to  the 
ability  of  the  generator  to  comply  with  the  electrical  and  logistical  re- 
quirements of  the  Navy. 

B.  RECOMMENDATIONS . As  stated  above,  the  DOD  diesel  driven  generator  com- 
plies with  the  requirement  of  MIL-STD-70UC . 

1.  It  is  recommended  that  this  generator,  made  by  Electric  Machine,  be 
used  as  the  power  source  in  any  new  or  retrofitted  Mobile  Electric  Power 
Plant  that  is  to  be  used  by  the  fleet. 

2.  The  90  horsepower  diesel  Hercules /White  engine  presently  used  with 
the  test  bed  is  an  adequate  prime  mover  for  the  generator  and  should  be  used 
in  any  new  or  retrofitted  MEPF. 

a.  The  present  engine-generator  package  has  the  proper  flywheel, 
bearing  alignment  and  minimal  torsional  vibration. 

3.  The  existing  hydraulic  governor  system  does  comply  with  the  frequency 
requirements  but  has  a poor  mean-time-between-failures  rate.  It  is  recom- 
mended that  this  system  be  changed  with  a new  system  that  complies  with  mtt— 
STD-70UC  and  has  a better  MTBF. 

U.  While  the  various  control  circuits  in  the  present  test  bed  could  be 
reworked  to  comply  with  MIL-STD-70UC , it  is  recommended  that  a new  design 
package  be  employed.  A concurrent  program  using  a microcomputer  is  now  in 
progress  and  would  be  a good  candidate  to  replace  existing  electronics. 
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FIGURE  2.  DISTORTION  SPECTRUM  OF  AC  VOLTAGE 
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FIGURE  3.  LIMITS  OF  FREQUENCY  DEVIATION 


Peak 


FIGURE  6.  DISTORTION  SPECTRUM  OF  AC  VOLTAGE 
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FIGURE  8.  VOLTAGE  REGULATOR  RESPONSE  - PROPORTIONAL  TYPE 


FIGURE  9.  VOLTAGE  REGULATOR  RESPONSE  CURVE  - INTEGRAL  TYPE 
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FIGURE  10.  VOLTAGE  REGULATOR  RESPONSE  CURVE  - INTEGRAL  TYPE 

GAIN  = 20 
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FIGURE  11.  TEST  DATA  - VOLTAGE  RESPONSE  CURVE/ APPLICATION  OF  LOAD 
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FIGURE  12.  TEST  DATA  - VOLTAGE  RESPONSE  CURVE/ LOAD  REMOVED 
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VIII . APPENDIXES 


APPENDIX  A 


NO  LOAD  WAVE  SHAPE  OF  SALIENT  POLE  A.C.  GENERATORS 
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CALCULATION  OF  NO-LOAD  WAVE  SHAPE 
OF  SAL  I EN  T-  POLE  A.C.  GENERATORS 

SEE  REF  (d)  AMD  (e) 

FOR  UNIFORM  AIR  GAP 


r — A e.  neClt 
CnP~ncJf3,n  2 


WHERE  K=.768 


AMOUNT  OF  HARMONIC  CONTENT*5  £sji^£. 

Li 


WHERE  KJn= 


I 


KJ-Kp-K«k 


KJ.-Kp.-Ksx, 


6Cos(IOOn) 

Kpn  — sin  (oOn 
I,  ?sm20n 

Ks.nn  - 

VOLTAGE  = HARMONIC  C0NTENT(||£ VOLTS) 


DB=  20  L«gl#V 
FREQ=  400n 
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APPENDIX  B 

VOLTAGE  HARMONICS  OF  SALIENT  POLE  GENERATOR 
UNDER  BALANCE  3-PHASE  LOAD  CALCULATIONS 
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VOLTAGE  HARMONICS  OF  SALIENT- POLE 


GENERATORS  UNDER  BALANCED  3-PHASE  LOADS 

SEE  REF  (c)  AKD  (f) 

AT  .8  POWER-FACTOR  LAG 
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THE  RESULTS  OF  THESE  CALCULATIONS  CAN  BE  SEEN  GRAPHICALLY 
ON  FIGURE  7 OF  THIS  REPORT 


U3/UU  (B-3) 


4 


APPENDIX  C 

VOLTAGE  REGULATOR  CALCULATIONS 


NAEC-92-125 


NAEC-92-125 


Voltage  Regulator  Calculations 


LfS+OAKnfV.  v«j«»  _ sw,  >71,  s*^vfe)  KvXt  _Y 
C s(s+-o  K s s+sT  S j s*<* 


■KKv%,°<j5*< 

sts*jyis+^ 


iKK.^fr-Q,  ^ Vin  , KVHi5^  Vfe 

°<2  S S**V  s 


_ SlS+SMSv-y  ^ ^ (S+^z)  ^ 


,VJ« 


X,= 


_ | s(5<-<j(s+-<j*  A;  A<skj 


X,fS)— S SlS+S.'XS*-<1VA(S**<.) 

x/s)=— !— + -^-+  6(6^)  ^__cuj, 

^ Kv’S  sy  ?+2«<S+U)<f  S**2«<S+U>.* 


(Sgv  (2^)5MUJal*2-</’)S+/«Llo^ 


X.CS)-^  T 


U6  (C-2) 


Si'&yfHS^Z'KS-rtUo2) 


/ *!+<i  =2  <ys  \ 

SINCE:  s.^a  -UI^2H/ ) 

\ «<,A  =UJ^f  / 

j atel+2*<SWKB(S^  (2nflS<-Ctf)+CU)o(S»4) 
WS) tStfJ&ZZswj 

a+B=  '•  R7 
cm,+2Ka+(«<*?)B="<J(i- 

uwa*y «<V"  <»(V  feVj^K-0 

yK^2var^^B=4HJ)-^MvS) 

(u*-2^)a-^*B=K1-4)<v&  b*Ol-  £)*& 


b=|-JL-q 

C(U,=*<i(l-j^iH*<,-^i)— <(A*E|)— <a-/JB 
ciu,= «y-  Rv)*(V  k^**<(i-i^)— <a-/«fl-(^ih4a 
cui,= K-«-^M-jk)+K-&)ty-  •<)<* 
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o*-si#<Z<*/S- «<UJo*+ 

. A •<■-•<»  £*-<) 

Kv‘  •<!  /2X-Z<A‘rW- 


a= 


B=l- 


K?-ft 


BaltUo2-  ^)+2-?/3-K*4)w<?l(i  - pjjj)+(ujo* 

: ^-zk^+uw 

x,(t)=^j  oe1*t+Be*rt  -*u),t»ce"<t*^u)it 

"*iH=ib 

x,W=5^*a*B^<-0-1^)=i 


X,(0)=Vf.»l 

-i^=y«K-<,Xj,  *»W»o 

^=-a,va>x,-<1x,M„  x3(o)=^-Kv' 

(S"*<;)x1= 
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(s+«gx3 = - a.x-a.x.*  i"X3(o) 
s(s+"<l)xt  ^K-K.^a.x,  -atxt-  ^■+x3(o)] 

Sfet«,)(S  Sfe*K*K*V  SlS'-K^CS+K*)^ 

s(s+  "<j(sw;)x,  =/<■  KK^a.x,-  a*x,+Tf +x3  «>3+ s(s+«t)(s+*g^ 
fsfS*  -gis^O  v<  ])x ,= 

*■  akaa&i^zt  ^2+%+x3((^ts(w2\Cf<4: 


A ^+X3((^-5(WiVS+\)  3s- 

(j*) 


© 


a»v|— ■ + ^ * x3e>=  i ♦<-!■ 

at=  *vKv' 

a,=Kvx,— <,  =Kv'K— <«:) 

© a2vfo*a0=-<lvd*. 

@ *-M=  -^vj« 

«VK»r'Vf.KU=  «<,VJ« 
KvVfe+Xj©=  ^VJ« 
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a o = SVde»-^Kv‘Vf. 

^•3(0)—  ^ V</es  -Kv'Vfio 

|s(S*  *y(S»*<,>/<t  K ■K.^Kir’  [•<,  — <;+  \ l^|x, 

=AK-<aB.Kv'  f + i VJts -KW^SS^S^ 

d(S^(S*^A(S*-<3x, 

=|;,|Ku'V&tK^Vf.-Kv,Mb*^(5*Hj'^]tS(sKO(5*^ 

X'~  S’  5<S»-CjHS*S'>»^Sf<,) 

J^' - , X,(0=Vf. 

-£*=,«  KK.Xlf  ^(0-0 

j^=  Kv,«-(i)X,-KV<*X2-<xX,*-(1-KvM»,  X,(D)=i-Kv' 

STEADY  STATE  SOLUTION  Vfo=  VJ««  = | 

0=--WX,+-<xXl*Kx 

0=/*k«<.X,  X3=0 

0=KV«^  — <,)X,- KvX**.*  K.-KvH* 

0=  -KU-^'X,  + KV^Xj  *KvX* 

STEADY  STATE  CHECKS 

-Kv'K,X,»«<,=0 
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-v  — _L 

” Kv* 


Xz=  = 


v(*=Kv’X,=  i 


Kv'H+-1 

- 2 .$ 

.9IS«23S 


LAPLACE  TRANSFORM  CHECK 
{S  *<Kl)X,= 

S'Xj^KK.Xj 

(S+Kj)X4=  Kv'(*L -• <,)X,-Kv'-LXt«-X1(0)* 

Vfo  = VJes=  I 

S(S*KZ)  Xa  *><  K Ks(S*  KJXj 
S(S+KiK*i=A  <,)X,-  Kv'K,X»*^-Kv+ 

s(Sm,ms+Ox,=s(  s+^kx.*  s(s*-<2xs*-g^ 

S(S+Kl)(S**<i)Xl=AW— OTC.-A^X^  %-A+j*, 

<X.»(SK)‘X(-  ^ +S(S^,ie-gi- ^ 

S(S*K»)(S+-<4')X1=A(K;-<1)Xl-A(S+*V)X|+A^*+^r^-A 

^s»Ka)(S*< ) *A(StK,)}x,=^,  (SWjKS*  Oj 

S S (S+«<a)(S+*<V (S+<,) 
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STEADY  STATE 

0=  -2.8  X.+2.35  Xj+2.35 

0=  4-797: 5 X,  Xj=0 

0 =-32.025 X,  -2.l5X2-l3T.2X3+35-65 

0=  — 2.582  X,  2.I5X, * 2.15 

o=-34-.587x,  + 37.8 

= '-0929 

Vph=  1.0929  *.915  = 1. 

COMPUTER  RUN 

FOR  < =2.8  "<0=5=^ 

•<*.  = 2.35  AK=  959.5 
Kv'  = .915 

<■<,=  37.8 
«<2=  I3T.2 

/<KK,  =47975 

Kv'K1— <,)=.9l5(2.8-37.8)=-32.025 
Kv'-V=  .915*2.35=2.150 
«(1-Kv'-<4=  35.65 
^-Kv'=i|^  - .915  = —.6395 
-2.8X,  + 2.35  X2+-  2.35 
3^=  9-797. 5 X3 

j£’  = -32.025X,-2.l5%a-l37.2Xj+35.65 
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3t* - ~ KV  (-  •<**,+ KvM.X.  - *<^5*  «, 

^l=-Kv' - •<, (Kv’X, * Xj)- Kv (•<,- «2)X, 
jt= OCj+Kv  X,)+  «,(V  Kv‘X,)-Kir(,Kl-K,)X,+ “K, 

^ =*  KK„  (X3  * Kv'  X , ) -/f  KK„  Kv'  X, 


- X, 

>»=x, 

„=X3<-Kv'-X, 


7?  = ~<y.+^y«+*<4.  , 

/.  = ! 

^=^KKo y3  -/^K*<0  Kvy,, 

> 

II 

o 

^--Sya-  Kv  («<,-  k2)/,  ♦ k,  # 

(S-t-*<i)ri  =•<*/** 
S/*=/#K*<.(y,-KVy,) 

— -KvYK,- •<»)/!* 

» =yKKHt,j^ Kv! J n*%  -Kv'y.J 

j -Kv'(?~\,-*<,)»,S<-,<j1yn 
3(S+«»)  J 


Yt =v*KK,  j^* 
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(S*  *<,:)/.  =/«kh0-<4 


~ Kv'  ( 

S+°<.)  yD 

L 3<S 

♦«*)  J 

§C5 ♦ *<*VS+  O^ISK)]^  — ~^(S4^  + 
y -X  -I 


if- 


Vfo=Vdes-l 


dta 


jt»  _s-  Jt  ^ it 

^ = -Kv)(-<X,+-V^*+*S.)-Kv>-<,X1*<1 

^1=  -Kv.^'  -k,(kvx,-i)--<,x3 

Kv'^‘— <,(Kv‘X,-l)-<1xJ 


S*,— ^ 


XfK«U  Jt 


I 


, JX,  + dmX,  \ 

/>»rx-iv  * cU  dt2  * 

£Zl  ^ Y.dax, 

Jt* 

“jt ' V«<*+*Q  *»'  +A*VX,-  ^ <K,=  0 


4 dt» 

jt» = ■aj^+/*K‘v<*Kv''  [- *r- 
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S3*,-  S2X,(0)- SX.foJ-X  rCOj  *(S’^)(S2X, - SX,(o)-X,  (0)) 

(•<a<+A)(SX,-X(»)  + A*,*,  - ^ 


Kv'  S 


d3X. 


.a1*, 


+<z)~2*+/4  , (A+  *2°V)=2-V^UJo2  5 
“X/0)=  I 

*,(0)*«VV  A „ 

X (0)  = ^“A 

+(2K^)  + (2-^+OJo*)^!  * 0Jo2€X,= 


at? 


at 


Kv' 


y.=x, 

l 

* at  at 

y3«£*L=£i 

7 at*  at 


6yt 


at 


a 


dtt  — y. 

at  ™ 


-^-=  -U>a*£  y,  - (2°</£+UJ«>*)/*  -(2°<t^)y3+ 

—UJo^  y.  ^—r  = 0 

Xifo) » I 

*( 0|aVS! 

»»■«<»•  (1<*«<(!)+a(r5^-i) 

§M"V**<J)Sl*(A+*<J*<;)S<-A«<13x,»[SI'-H2+-gs+K<*Aj)Z,(b) 

■►B+Ha^vS^O)^  X., 


x.,(0) 


«;£  fr«  io\ 
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x,(o;=i 

x,W=  — *++<<4.  Xi(b)=o 

-^/ok^akk,  -x3(o) 

■X,  (o)=  •<«!*-  <<  V°W*  K*<0(  ^-Kv') 

S^-SK*1  ■*■  + '<+<>■  -S*1 

|sl*  K*  o^s*-  ^>(s*k4+  -v)K-  a _ a 

S(S*-^)(Sf<J)tA(S+-<,) 


X,= 


■*? 


sm-^js^-v-A  A A 

s(s+-<4;)(s«<2)*Afs*f) 

i ' s(S'*-*<2)(s+*0+  ^$**<«} 

~ s(s+«<!)(s+-<v)+a(s+-<1> 


WHICH 

CHECKS 


S*+2KS+*<HU)o1--<,Wo1=-<l+U),1 

y, 35  +■  C.6^  +■  6 ^ cos  W,t+C  sm  UJ,tQ 

y,=  -a^e'/rt<-e“<tEujlB*ihUi,t+tti,Cco«uj,t— <Bcosiu,t— <csioiu3 

yj=  -a^6’*t-6-tt[(*<b-UJ,C)c«UI,t*(-<C»lU,&)«nUI,t]  ’ 
a=a/<Je7*t-6"<t[fKB-iu,cx-u)l)smUi(t*KCtU),B)u)lc.SM,t+^6-mlcx-0c«mt 

♦Kc+u),&)(-<)<ioui,tJ 

ys=a/6vJt-e'‘<t[r-<UllB*UI?C— (2C— <U),B)sinU),t(KCUJ1<-UI,lB 

— <lB+-<U),C)eosUU,t] 
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n - a/4le'/*t-c'*<t[J(w,1-  *<l)c  -2Hiij1B}smU/,t|(U(1i-  •<l)&+2-<u)1c}e.»iit,tj 

r,(0)-jfir  +a*B-K^!  + l-1^r=l 

MO)-  -M-* B+^J,c=»<4.-"<», 

yj(o)=  B-2-<aj,c= 

a*B  = l-]<7 

Q/2+o<B-UJ,C  = <-•<«. 

Q/S1-(lUl1--<l)B-2-<a),C=  -Kv’) 

2«V«a+2*<*  B - 2K  U/,6  = 

&(/€*-  2M)  = W*2H)K- ■<*•>  ^~Kv’) 

a^l-2M+UW*)-(l  - j^OWo*  = Ui*2«)(-v<)+ £s(*  - Kv') 

/‘-Z-K^+Wo* 

'X,(0)=I 

'X2(0)=0 

yt®  = •<*.--<; 

yi=  7?J=5ti=_ <(-< *,+  «♦)♦  & *> 
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^<-1  -fcV-fcfr  - lb) 

yi(o)=(i-j^?)K,1)+jA.  * <k«'(^,  -k4) 

>iCo)=  ■<♦-  -« V (l  - j^r) 


pa  i L_ 

* I U- 


R — -A_  ~ 

R Kv 


CUI,= 


Qm 

~Ja-- Q&p-q>r 
u ,^2^+u** 

e>=p-a 


Pi(U).a— </g)»2°C^-H^)lUc.3P»[iUo,>— <4Wa(l-<1lQ*()g-«<)R 

«IW*-*<a*=Ui,x 

a-t-s=p 

- a/«  - •<& *ui,c = q - -<4  p 

a^'-dJJ,1-  •<i)B-2HlU,C  = P«*-A)*R-<Q 
-2*/Ml-2-<,B+2*<W,C=-P(2«<«<t,)*2-<Q 

«</3)a-(UJ,l-^2*<1)B  =«t-A-2*<OP*R4-Q(2«<— <4') 

U*-2*</j)a-ujoj(p-a) = &;(/«-<1)-a1p4-r-q(4-<1') 


q_  few— Cj-A*aw]p+R-W— <,)Q 
W*-2«<AUJ«» 

frKc’-U^^/SHUofo+R-Qg-RJQ 
U 4‘-2«</<J+u;oJ 


n.  W— <.)I*P-QI»R 
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B=P-A 

U),C=Q--<4:PW&+/«a 
= Q-^'Pw(p-aj^a 
-q  *-(«<— <«;)  P+W-<)a 
_ ni  r,  f ,m.  U-^U-^P-QX^-^R 

A*-Z<A+W>k 

10000  - (0000*7400  = 7400 

Z^A 

iz< 

<A 

A‘-2-<'+*/t 

(/»-•<)  AP-Q  +R 

B=p-a 

...r  Q|iu.*»>f -2«f-  <(/M)1  -Pfrfyf-lM**.1  (UJ^—^jR/g-OR 

' Al-2<A*iuy 


SEE  REFERENCES  (g),  (i),  (j),  and.  (a) 
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The  marl mum  and  minimum  limits  of  the  voltage  surge,  as  described  by 
MIL-STD-TOliC  can  be  seen  on  Figure  5 of  this  report. 

The  regulator  that  is  to  be  used  in  conjunction  with  the  generator,  must 
be  within  these  limits. 

Figures  8,  9,  and  10  show  graphically  the  various  designs  that  were 
investigated. 
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DETAILED  GENERATOR  TEST  RESULTS 
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QUANTITY 

1 

1 

1 

3 

3 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 


DESCRIPTION 

Resistive  Load  Bank  - 0 - 325  KW 

Inductance  Load  Bank  Unit  - .75  pF 

3 phase  Circuit  Breaker  - 125  amps 

Current  Transformer  ^0:1,  Weston  Model  U6l,  Freq.  25  -UOO  HZ 
Line  Volt  2500 

AC  Ammeter,  Weston  Model,  0-1-5-10  amps,  85  - 500  HZ 

D.C.  Ampmeter,  Weston  Model,  0-3-15-30  amps 

Voltmeter  A.C.,  Weston  Model,  0 - 150  - 300  - 600  volts 
Freq.  25  - 1000  HZ 

Wattmeter , Weston  Model,  0 - 350  - 700  - 1^00  watts 
Max  volts  - U00,  Max  amp  - 7.5,  Rated  amp  - 5 

Frequency  Counter,  Hewlett  Packard  Model  5226c 

Viscorder  Oscillograph,  Model  906c 

Spectrum  Analyzer,  Hewlett  Packard  Model  3580A 

Digital  Multimeter,  Data  Precision  Model  3500 

Oscilloscope,  Tektronix  Model  770l*A 

Voltmeter  D.  C.,  Weston  Model,  0-7.5-30-75  volts 

Signed.  Generator,  Wavetek  Model  111B 


L 


6U  (D-2) 


naec  92-125 


r 


TEST  DATA 


Input  Data  Engine:  White  Diesel,  90  Horsepower,  6 Cylinder 

Generator:  Electric  Machine,  30  KW,  Freq.  1+00  HZ 

3 phase,  120/200  volts 

Test  Requirement:  Military  Standard  701+B 

Test  Method:  Military  Standard  705B 
Military  Handbook  705B 


SECTION 


REQUIREMENT 


5.1  AC  Power  Characteristics: 

Line  to  neutral  or  ground  115/200  volts 

Nominal  frequency  of  1+00  HZ.  Alternate  standard  - line  to 
neutral  or  ground  230/1+00  volts. 

(1)  Test  Method:  Mil-Std-705B,  Section  608 

Mil-Handbook  705,  Method  205.1 

(2)  Results:  (a)  Line  to  neutral  voltage  113  volts 

(b)  Nominal  frequency  1+00  HZ 


5. 1.1.1  AC  Voltage  Magnitude: 

Steady-state  voltage  108.0  to  118.0  volts.  In  emergency  mode 
102.0  to  121+.0  volts. 

(1)  Test  Method:  Mil-Std-705B,  Section  608 

Mil-Handbook  705,  Methods  101.1,  205.1 

(2)  Result:  (a)  Steady  state  voltage  113  volts 


5. 1.1. 2 


Voltage  Unbalance  shall  be  less  than  three  volts. 

(1)  Test  Method:  Mil-Std-705,  Section  620 

Mil-Handbook  705,  Section  205 


(2)  Results:  As  follows: 
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UNBALANCE 

1-24-77 

Unity  P.F. 

I = 4094 

Full  Load 
150  V scale 

Van  = 

Vbn  = 

Vcn  = 

115.0 

116.0 

115.0 

117.4 

117.4 

117.4 

la  = 2.10 
lb  = 2.10 
Ic  = 2.10 

Van  = 

Vbn  = 

Vcn  = 

113.5 

117.0 

117.0 

111.5 

115 

la  = 2.04 
lb  = .668 

Ic  a .662 

Pi  = 380 

P2  = 375 

Ic  = 2.07 
lb  = 2.12 

la  = 2.18 

6.27 

3 

= 2.09 

3 X 2.09 

x 40 

I = 4094,  300  V scale 

Van  = 117 
Vbn  » 118 
Vcn  = 117 


Digital  Probe  to  N 

117.1 

123.8 

120.6 


Digital  Probe  to  Line 

119.7 

117.8 

118.3 


I * 4094,  150V  scale 


Unity  P.F. 

Van  = 

Vbn  » 

Vcn  * 


Digital  Probe  to  Line 

119.3 

117.8 

118.3 


118.3 

119.0 

118.5 
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1-24-77  P. 
I = 4094 
Time  2:20 

Time  2:30 

Time  2:35 

Time  2:40 

Time. 2:47 

Time  2:56 


UNBALANCE  TESTS 


Van  = 114.5  Freq.  400  HZ 

Vbn  = 114.0 
Vcn  = 114.0 

NO  LOAD 

Van  * 114.3 
Vbn  * 114.8 
Vcn  * 114.5 

LOAD  o P.F. 


Van  = 115.0  la  * 2.55 
Vbn  = 115.8  lb  = 2.55 
Vcn  * 115.0  Ic  = 2.51* 


BALANCED  LOAD 


Van  = 115 

la  = 

2.18 

Px  = 378 

Vbn  = 115.8 

lb  = 

2.18 

Vcn  * 115 

Ic  3 

2.18 

P2 

BALANCED  LOAD 

Vac.  * 114.6 

la  - 

2.18 

P-,  - 378 

Vbn  * 115.5 

lb  * 

2.17 

Vcn  * 114.7 

Ic  * 

2.17 

P2  - 37 6 

UNBALANCE 


Van  * 111.2 

la  » 

2.12 

Vbn  * 114.6 

lb  » 

.743 

Vcn  * 114.6 

Ic  = 

.743 

Van  * 111.2 

la  * 

2.12 

Vbn  ■ 114.6 

lb  * 

.670 

Vcn  * 114.6 

Ic  » 

.670 

Time  3:05 
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BALANCED  .8  P.F.  LOAD 

Vab  = 200.0 
Vbc  = 200.5 
Vac  = 199.5 

Van  = 117.7 
Vbn  = 116.6 
Vcn  * 117-3 


Tb  = 2.15 

la  = Ic  = .7166 


Van  * 113.0 

la 

= 

2.16 

Vbn  = 116.1 

Tb 

= 

.675 

.72 

Vcn  = ll6.1 

Ic 

S 

.675 

.72 

Van  = 113.0 

la 

s 

2.6 

Vbn  = 116.2 

lb 

s 

.75 

Vcn  3 116.3 

Ic 

= 

.75 

Vab  = 199 

200.5 

Vac  * 198 

200 

602 

200.66 

Vbc  * 199.5 

201.5 

3 

la  * 2.75 
lb  * 2.74 

Ic  ■ 2.74 

8.23 

3 

* 2.743 

P » VI  1.732  x 2.743  x 200.66  x 40 


*2 


* 200 
755  x 4o 


30.1 


39 


L 
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^Vab  = 199-5 

Vac  = 198.5 

Vbc  = 200.5 
5?8.5 

3 

la  = 
lb  * 
Ic  * 

199.5 

2.75 

2.73 

2.72 

3 2.733  x 199.5  x 4o  * 38 

Px  = 210 

P2  = 540 

750  x 40  1 

* 30 

P.F.  = .779 

3 x 120  x 4.34k 

1.530K 

3.15  KW 

1000 

1000 

1/3  1/6 

1/3  2/3 

2/3  1/6 

1/3 

2.733 


1 

2 

2 

Van 

112.6 

112.8 

113 

Vbn 

116.2 

ll6.2 

116.2 

Vcn 

116.2 

116.2 

116.2 

UNBALANCE  RECHECK  PURE  RESISTANCE  LOAD 


1-31-77 

Voltimeter 

I = 4094 

Freq.  4 00 

Van  = 

117.0 

la 

2.15  x 40  = 86  amps 

Vbn  * 

120.2 

3.4 

lb 

.707  x 40  = 28.3 

Vcn  * 

120.4 

Ic 

.698  x 40  = 27.9 

n 


8:30  A.M. 


L 
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17  _ 

P1  - 


2.90 

1.20 

FTIo 


p2  = 1.20 


P - 1+.10  x 1+0 

16.1+00 


16.1+00  watts 

* .51+6 


“I 


30000 

No  change  in  voltage  or  frequency  settings. 


Van  = 

117.6 

la  = 2.15  x 1+ 

Vbn  = 

121.0 

3.1+  lb  = .707 

8:55  A.M. 

Vcn  = 

121.0 

Ic  = .698 

Vab  = 

198 

Vbc  = 

202 

9:00  A.M. 

Vca  = 

203 

Van  = 

118.1+ 

Vbn  = 

121.8 

3.1+ 

9:15  A.M. 

Vcn  = 

121.8 

With 

coil  of  1-0  wire  as  added 

Van  = 

117.6 

Measured  on 

Vbn  = 

121.5 

general  side  of 

9:1+5  A.M. 

Vcn  = 

122.2 

added  impedance 

Van  = 

117.8 

Ian  = 2.11+  x 1+0 

Vbn  = 

121.8 

Ibn  = .73  x 1+0 

10:15  A.M. 

Vcn  = 

122.0 

Icn  = .688  x 1+0 

Van  = 

119 

Vbn  = 

122.5 

10:1+5  A.M. 

Vcn  = 

122.5 

Van  rose  from  117.0  at  8:30  to  119  at 

10:1+5 

without  any  change  in  voltage  setting. 

Readjusted  voltages  to  (at  no  load) 

Van  = 

118.0 

Note  that  with  things 

Vbn  = 

118.0 

well  warmed  up  no  load 

10:55  A.M. 

Vcn  * 

116.7 

voltages  are  balanced. 

With 

neutral  impedance  wire  unwound  on  floor. 

Van  * 

113.0 

Ian  = 2.13  x 1+0 

Vbn  * 

116.7 

3.7  Ibn  = .655  x 1+0 

11:00  A.M. 

Vcn  = 

116.7 

Icn  = .655  x 1+0 

Load  was  a little  high,  so  readjusted  load  bank. 


Van 

Vbn 

Vcu 

L 


lll+.O 

117.0 

117.0 


315 


Ian  = 
Ibn  * 
Icn  a 
= 100 


1.85 

.600 

.600 


1+15  x 1+0 


11:20  A.M. 
.16600  * 


30000 


70  (D-8) 


.553  _| 


HA EC  92-125 


No  load 


Van  = 118.3 
Vbn  = 118.3 
Vcn  = 118.3 

1-31-77  After  shut  down  for  lunch. 
No  load. 


11 : 1+0  A.M. 


Van  = 118.0 
Vbn  * 118.0 
Vcn  = 118.0 


1:1+0  P.M. 


Full  Load  on  Phase  A 1/3  load  on  Phases  B & C 
I = l*09l+  Digital 


Van  = 111+.5 
Vbn  = 117.2 
Vcn  = 117.2 


Batteries 

Low 


113.6 

111+.3 

115.1 


390  x 1+0 


1:50  P.M. 


15600 
30000  ” 


Van  = 115 
Vbn  = 117.7 
Vcn  = 117.8 


Ian  = 1.578 
Ibn  = . 590 

Icn  = .585 


P2  = 95 


390  x 1+0 


15600 

30000 


Added  1 switch  to  each  phase. 


Freq.  1+00  HZ 


P a 1+15  x 1+0  = _ 

30000 


Van  = 115 

Vbn  » 118 

Vcn  = Il8 

Ian  = 1.85  x 1+0 

Ibn  = .587  x 1+0 

Icn  » .587  x 1+0 

2-7-77 

Check 

Digital 

for  Unit  P.F. 
I a l*09l+ 

balanced  rated  load. 

Freq.  1+00 

111*  .15  Van 

115.2 

Ia  a 2.18  x 1+0 

113.25  Vbn 

116.2 

lb  * 2.12  x 1+0  lav 

= 2.16 

111*.  00  Vcn 

115.0 

Ic  = 2.l8  x 1+0  Vav 

* 115.5 

pl  * 375  P2  = 382 
382 

757  x 1+0  = 30100 


9:30  A.M. 


71  (D-9) 
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r 


3 x 115  x la  = 30000 

la  = 2.18 

3 x 115.5  x 2.16  x 1(0  = 30000 


~i 


V across  Ry  and  R^ 

Simpson 

10.2  volts  9:45 

10.2  volts  9:50 

10.2  volts  10:15 


V across  R 


15 


23.8 


Digital 

I = 4094 

113.7 

Van  = 115.0 

la  = 2.18  x 40 

113.2 

Vbn  = 116.4 

lb  = 2.10  x 40 

lav  = 213.5 

114.0 

Vcn  = 115.0 

Ic  = 2.18  x 40 

Vav  = 115.5 

Pi  = 365 

P2  = 375 

375 

71+0  x 40 

= 29,600 

10:10 

Van  = 114.9 
Vbn  = 115.8 
Vcn  = 114.6 


Van  * 115.9 
Vbn  = 116.0 
Vcn  » 116.0 


L 


40  x 

With 

Van 

= 114.4 

la  = 

Vbn 

= 112.2 

lb  = 

Vcn 

= 111.0 

Ic  = 

Pi  = 

Pin  Vav  = 111.86 

2 lav  = 2.186 

369  PP  - 381 

381 

T%5  x 40  = 29800  watts 
3 x 111.86  x 2.186  x 1*0  = 31200 
Rebalance  load  - raised  voltage 


la  = 2.24 
lb  = 2.24 
Ic  = 2.27 


lav  = 2.25 
Vav  = 115.1 


P2  = 403 


380 
403 

7E3  x 40  = 31200 


3 x 115.1  x 2.25  x 40  = 31200 
No  Load 


72  (D-10) 


J 


P,  = 362  P2  = 395 

395 

757  x ho  = 30,280 


3 x llU.9  x 2.17  x 1+0  = 29,800 


SECTION  REQUIREMENT 


5.1.1. 3 Voltage  Phase  Difference  shall  be  within  120°  + 2° 

(1)  Test  Method:  Mil-Std-705,  Section  507. le  and 

Section  508.1e 

Mil-Handbook  705,  Section  116.1 

(2)  Results:  As  follows: 


VOLTAGE  PHASE  DIFFERENCE  TEST 

3-7-77 
No  Load 


An  = 115.0  AB  = 198.8 
Bn  =>  115.2  AC  * 200.6 
Cn  = 115.1  BC  = 199.0 


Cos 

®AB  = 

- 

.1*96 

Cos  0-gQ  = 

.498 

Cos 

®AC  = 

-.525 

®AB  * 

119-73 

®BC  = 

119.85 

®AC  * 

121.61+ 

No 

Load 

BC 

* 199. 

*♦5 

An 

* 115.1 

AB 

* 200. 

35 

Bn 

* 115.3 

AC 

» 200. 

35 

Cn 

= 115.2 

Cos 

®AB  = 

- 

.517 

Cos  0AC  = 

-.518 

Cos 

®BC  = 

-.1+63 

®AB  s 

121.118 

O 

> 

O 

II 

121.207 

®BC  = 

117.565 

L 
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Load  - 1/3  load  on  Phase  C,  Full  load  on  Phases  A and  B 


ia 

= 2.1 

PL  = 157 

.6 

ib 

= 2.1 

ic 

* .717 

P2  = 62 

iAV 

= 1.61+ 

VAN 

» 113.1 

VAB 

= 197.95 

VBN 

a 112.85 

VBC 

= 196.5 

VCN 

= 115.6 

VAC 

= 200.0 

vAv 

a 113.1+5 

vAv 

= 197.55 

Cos 

®AB  = -52 

Cos  0BC 

= -.1+8 

Cos  ®AC  = 

.53 

®AB  = 121.3 

®BC 

= 118.66 

®AC  = 

121.97 

3-7- 

•77  3:00  P.M. 

Load  - 

1/3  Load  Phase  C,  Full 

load  Phases  A and  B 

ia  = 

2.08 

pl  s 

= 175 

ib  = 

2.08 

ic  = 

.715 

P2  = 

= 62 

Van 

= 113.01 

VAB 

* 195.17 

- 195.61+ 

(195. U05) 

Vbn 

= 113.05 

195.73 

- 196.23 

(195.98) 

Vcn 

= 115.82 

VAB 

AVERAGE  = 

195.693 

Vav 

= 113.96 

VAC 

= 200.58 

- 201.1 

(200.81+) 

199.96 

- 200.38 

(200.17) 

Vac 

AVERAGE  = 

200.505 

VBC 

= 191+.1+2 

- 19b. 96 

(191+.69) 

191+.99 

- 195.1+9 

(195.21+) 

VBC 

AVERAGE  = 

191+.965 

Cos  0^ 

= -.1+99 

COS  Ojjq  = -.1+51 

Cos  0AC  a -.535 

®AB 

= 119.9 

0BC  = 116.821+ 

®AC  = 122.371+ 

3:30  P.M. 

Load  - 1/3  load  Phase  C,  full  load  Phases  A and  B. 

VAN  - 

1.061 

vab  - 1-831+7  - 

1.81+1+1  (1.839) 

vbn  > 

1.061+ 

VBC  - l-823  - 

1.8268  (1.825) 

vCN  - 

1.0831+ 

vAC  - 1.8711+  - 

1.8825  (1.877) 

Cos  0^ 

a -.1+98 

COS  0BC  = -.1+1+1+ 

Cos  0AC  a -.532 

°AB 

a 119.859 

0BC  a 116.391 

0AC  a 122.158 

L 
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[T-8-77 
No  Load 

Time  interval  between  phases:  AB  - 832  microseconds 

BC  - 835  microseconds 

AC  - 830  microseconds 


.120  = degrees 


Conversion  of  microseconds  to  degrees : X 

833.33 

AB  - 832  microseconds  832  ...  flo 

833.33  “ ■J-Ly,° 

BC  - 835  microseconds  835 

Q33  33  .120  * 120.2 

AC  - 830  microseconds  830 

S3333  .120  = 119.5° 

all  within  specifications 


LOAD  - 1/3  load  Phase  C,  full  load  Phases  A and  B 

Time  interval  between  phases:  AB  - 83I+  microseconds 

BC  - 815  microseconds 

AC  - 851  microseconds 


Conversion  of  microseconds  to  degrees : X 

833.33 


.120  * degrees 


83*+  microseconds  5_|2l_  ,120  . 

815  microseconds  815 

g3r;3  .120  - 117.  1+' 


- 815  microseconds 


- 851  microseconds  851 


833.33  ' 


120  » 122.5' 


3-l^-77 


PHASE  ANGLE  TEST 


No  Load  - set  voltages 

Van  ■ 115.0 
Vbn  - 115.2 
Vcn  * 115.2 

Load  - Phase  A,  full  load 

B,  1/3  full 

C,  1/3  full 

VAB  = 188 -° 

* 200.2 

VAC  » 200.3 


la  * 2.08  x 1*0 
lb  = .663  x 1*0 
Ic  a .6h 2 x 1+0 
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Phases 

Time  Interval 

Degrees 

AB 

8ll  microseconds 

116.8° 

BC 

835  microseconds 

120.2° 

AC 

855  microseconds 

123.1° 

No  Load  Check 

Phases 

Time  Interval 

Degrees 

AB 

833  microseconds 

120° 

BC 

83I+  microseconds 

120.1' 

AC 

837  microseconds 

120.5' 

3-14-77  _ 12 ; 

: 30  P.M. 

Full  load.  Phase  A 
Pi  * 155  P2  = 53 


ia  = 1.85  x 1+0 
ib  = .59  x 1+0 

ic  = .602  x 1+0 


1/3  load.  Phases  B and  C 
Total  Power  = (P1  + Pg)  80 
Total  Power  = 166I+O  good 


= 190 
= 200.1* 
= 200.3 


Phases 

Time  Interval 

Degrees 

AB 

819  microseconds 

117.9° 

BC 

837  microseconds 

120.5° 

AC 

852  microseconds 

122.7° 

Full  load.  Phase 

B - 1/3  load. 

Phases  A and  C 

Van  = 118.2 

ia  = .678  x 1+0 

Vbn  = 117.8 

ib  = 1.85  x 1+0 

Vcn  * 118.0 

ic  * .690  x 1+0 

Phases 

Time  Interval 

Degrees 

AB 

853  microseconds 

122.8° 

BC 

832  microseconds 

119.8° 

AC 

822  microseconds 

118. 1*° 

Full  load.  Phase 

C - 1/3  load. 

Phases  A and  B 

Van  * 119.0 

ia  * .69I+  x 1+0 

Vbn  * 120.5 

ib  » .682  x 1+0 

Vcn  * 115.9 

ic  a 2.03  X 1+0 

L 
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Phases 

Time  Interval 

Decrees 

AB 

830  microseconds 

119.5° 

BC 

859  microseconds 

123.7° 

AC 

813  microseconds 

117.1° 

Impedence 

put  in 

neutral : 

Phases 

Time  Interval 

Decrees 

AB 

830  microseconds 

119.5° 

BC 

842  microseconds 

121.2° 

AC 

8ll  microseconds 

116.8° 

AB 

839  microseconds 

120.8° 

BC 

862  microseconds 

124.1° 

AC 

8l6  microseconds 

117.5° 

3-14-77 

3:30  P 

.M.  Full  load  on  Phase  C 

- 1/3  : 

1 


Period  - 2500  microseconds 

With  Neutral  react. 


Phases 

Time  Interval 

Degrees 

AB 

829  microseconds 

119.4° 

BC 

857  microseconds 

123.4° 

AC 

810  microseconds 

116.6° 

Without  Neutral 

react . 

AB 

828  microseconds 

. 119.2° 

BC 

855  microseconds 

123.1° 

AC 

810  microseconds 

116.6° 

3-28-77  Phase 

Angle  Test  using  digital  voltmeter  and  a 4 to  1 potential 
transformer. 

Balanced 

Vac  * 5.07 

ia  » 2.2 

Vab  * 50.7 

ib  « 2.2 

Vbc  = 50.8 

Van  * 29.3 

Vbn  = 29.3 

Vcn  * 29.35 

id  « 2.3 

Cos  0an  = - VAB2  " VAN2  _ VBN2 

2VanVbn 

L 


TT  0-15) 


J 


r 1 


NAEC-92-125 


t » 119.8 

1 

0BC  * 120.02 

©AC  = 119.6 

all  within  specifications 

Unbalanced  Load 

Vab  * 51.65 

Van  = 29.6 

ia  a . 694 

Vbc  = 52.15 

Vbn  = 30.15 

ib  « .693 

Vac  = 50.3 

Vcn  = 29.25 

ic  = 2.2 

Cos  = -.494 

»AB  - 119.6 

Cos  Oqq  = -.541 

»BC  “ 122'8 

Cos  0 = -.46l 

0AC  = 117.5  not  in  specifications 

Second  trial  usins  different  voltmeter: 

Vab  * 51.067 

ia  = .693 

Van  a 29.339 

Vbc  » 51.509 

ib  = .693 

Vbn  « 29.775 

Vac  * U9.638 

ic  = 2.23 

Vcn  = 28.898 

Qp&  » 119.51 

0BC  = 122.77 

not  within  specification  - 

5.84  difference 

0AC  = 116.93 

• 

Third  try  with  split  neutral: 

Vab  =»  51.007 

ia  = .692 

Van  = 29.249 

Vbc  =*  51.  MO 

ib  » .692 

Vbn  = 29.768 

Vac  * 49.564 

ic  = 2.22 

Vcn  = 28.903 

®AB  * 119.6 

®BC  " l22 *5 

not  within  specification  - 

5.6  difference 

0AC  » 116.9 

Switched  leads 

(red  to  black)  and  impedance 

in  neutral  21  turns  on 

iron  core: 

Vab  * 50.793 

Van  = 29.009 

Vbc  » 50.734 

Vbn  = 29.663 

Vac  » 48.963 

Vcn  * 28.352 

®AB  * H9 . 92 

OgC  a 121.95 

not  within  specification  - 

4.75  difference 

©AC  * ^7.2 

1/2  turns  taken 

off  channel  iron  core.  Leads  - black  to  red. 

Vab  * 50.411 

ia  * .740 

Van  * 28.865 

VbC  * 50.630 

ib  * .738 

Vbn  ■ 29.424 

Vac  * 48.881 

ic  » 2.17 

Van  - 28.399 

L 

J 
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r 


*AB 

SBC 

3AC 


119.73 

122.22 

117.2 


n 


not  within  specification  - 5.01  difference 


30  turns  put  on 

iron  core: 

Vab  = 50.795 

ia  - .7»*7 

Van  - 28.978 

Vbc  = 50.792 

ib  - .710 

Vbn  ■ 29.717 

Vac  = 1*8.960 

ic  » 2.16 

Vcn  ■ 28.1*00 

®AB  = 119.85 
®BC  * 121.83 

0AC  * 117. lU 

not  within  specification 

- U.7  difference 

Rebalance 

ia  = .762 

Vab  - 50.9^0 

Van  « 29.023 

ib  = .788 

Vbc  ■ 50.806 

Vbn  * 29.780 

ic  = 2.25 

Vac  * 1*8.959 

Vcn  - 28.370 

■'AB 

JBC 


120.05 

121.77 


not  within  specification  - U.68  difference 


®AC  * H7.09 

l*_l+_77  Unbalance  Test 

Phase  C heavily  loaded. 

Van  * 116.5 

Vab  ■ 203 

Van  = 116.5 

Vab  * 

203 

Vbn  * 118 

Vbc  » 201* 

Vbn  * 118.5 

Vbc  = 

20U 

Vcn  * 111*.  5 

Vac  ■ 197 

Vcn  = 115 

Vac  * 

197.5 

at  load. 

Cos  * 

Vab2  - Van2  - 

Vbn2 

2 VanVbn 

at  load 

WAB 

®BC 

®AC 


119.92 

122.66 

117. 0U 
359.62 


5.62  difference 


at  terminals 


"AB 

3BC 


119.63 

121.77 


U.66  difference 


JAC  * U-7.11 
358.51 


L 
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ia  = 

.716 

Van  = 115.8 

Vab 

S 

203 

ib  = 

.710 

Vbn  = 118.6 

Vbc 

3 

205 

ic  = 

2.20 

Vcn  = 114.8 

Vac 

3 

197.5 

®AB  = 

120.00 

0 

8 

11 

122.87 

5.03  difference 

®AC  = 

117.84 

360.7 

Second  trial  using  digital  voltmeter: 

Van  = 

29.308  X 

4 

Vab 

_ 

51.138 

Vbn  = 

29.863 

Vbc 

s 

51.630 

Vcn  = 

29.004 

Vac 

3 

49.745 

®AB  * 

119.59 

®BC  " 

122.57 

5.47  difference 

®AC  3 

117.10 

359.26 

Reduced  current 

on  Phase  C: 

ia  = 

.717 

Vac  = 49.784 

Van 

J 

29.315 

ib  = 

.710 

Vbc  = 51.590 

Vbn 

3 

29.848 

ic  = 2.14 

Vab  = 51.109 

Vcn 

3 

29.025 

®AB  3 

119.50 

®BC  3 

122.39 

5.24  difference 

®AC  = 

117.15 

359.04 

Phase 

B heavily 

loaded : 

ia  = , 

.74 

Van  = 29.664 

Vab 

3 

51.349 

ib  = 2.07 

Vbn  = 28.997 

Vbc 

3 

49.885 

ic  = , 

.71 

Vcn  = 29.401 

Vac 

3 

51.068 

®AB  3 

122.17 

®BC  3 

117.35 

4.82  difference 

®AC  * 

119.68 

359.2 

Phase  A heavily  loaded: 


ia  * 

2.1 

Van  * 

28.224 

Vab  * 

48.602 

ib  ■ 

.70 

Vbn  * 

28.749 

Vbc  * 

50.061 

ic  = 

.70 

Vcn  * 

29.140 

Vac  * 

50.240 

L 
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®AB  55  117 *°9 
®BC  * H9.72 
0AC  = 122.27 
359.06 


5.18  difference 


Added  another  neutral  line  to  decrease  neutral  impedance : 
Phase  A heavily  loaded  (red  to  black) 


ia  = 

2.1 

Van  = 28.256 

Vab  = 

k8.633 

ib  = 

.705 

Vbn  = 28.739 

Vbc  = 

50.091 

ic  = 

.70 

Vcn  = 29.165 

Vac  = 

50.280 

°AB  ’ 

■ 117.1k 

©Be  = H9.5 

5.09  difference 

©AH  = 122.23 

(black  to  red) 

Van  * 28.2k 5 
Vbn  = 28.72k 
Vcn  * 29.15k 

0^  = 117.16 

«BC  =119.78 
®AC  - 122. k5 
359.39 


Vab  = k8.6l6 

Vbc  = 50.069 

Vac  = 50.31k 


5.29  difference 


Rebalanced:  (black  to  red) 


Van  = 29.699 
Vbn  = 29.038 
Vcn  = 29.396 

©AB  = 122.07 
©BC  * 117.37 
©Ac  « 119-71 
359.15 


51.392 

k9.923 

51.102 


k.7  difference 


Phase  B heavily  loaded 


k-8-77 


Voltage : 


average  3.8 


81  (D-19) 


Van  * 118.0  ia  = 2.3 
Vbn  ■ 118.5  ib  = 2.2 
Vcn  = 118.5  ic  = 2.2 


DVM  U.O  volts 

Peak  1+.1+  minimum  3.1+5  average  3.925 

1+-11-77  Unbalance  Test  - Phase  A,  10K  - Phases  B and  C,  8.5K 

ia  = 1.80  x 1+0 
ib  = 1.80  x 1+0 
ic  = 2.15  x 1+0 

Vab  = 50.1+56  Van  = 29.00 

Vbc  * 50.700  Vbn  = 29.31+9 

Vac  = 50.071+  Vcn  = 29.086 

°AB  " 119.7 

Ocp  = 120.37  1.15  difference 

®AC  - 119-1 

Phase  A,  OK  - Phases  B and  C,  1.5K 

Vab  = 50.1+00  Van  = 29.151  ia  = .31 

Vbc  = 50.390  Vbn  =*  29.11+5  ib  = .305 

Vac  = 50.1+00  Vcn  = 29.301+  ic  = 0 

= 119.66 

0BC  * 119.11  .55  difference 

0AC  =.  119.13 

1/2  load  on  Phases  A and  B - Full  load  on  Phase  C with  instruments  in 

ia  = 1.08 
ib  * 1.08 
ic  * 2.15 

Vab  - 50.999  Van  = 29.239 

Vbc  * 51.385  Vbn  = 29.71+0 

Vac  * 1+9. 856  Vcn  * 29.052 

©AB  * 119.69 

©3C  * 121.85  1+.27  difference 

0AC  = 117.58 


L 
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naec  92-125 


^with 

instruments  out 

Vab 

= 

51.013 

Van 

= 29 

.271 

Vbc 

S 

51.381 

Vbn 

= 29 

.733 

Vac 

= 

*♦9.967 

Vcn 

= 29, 

.093 

°AB 

= 

119.66 

°BC 

= 

121.71 

3.9** 

difference 

®AC 

= 

117.77 

1 


SECTION  REQUIREMENT 


5.1.1.**  Phase  Sequence:  The  phase  sequence  is  A - B - C corresponding 

to  phase  wire  markings.  Figure  1. 

Result:  Phase  sequence  A - B - C/same  as  markings. 


5. 1.1. 5 AC  Waveform  Distortion:  The  distortion  factor  for  the  phase 
voltage  waveform  shall  not  exceed  .05  nor  shall  the  limits  of 
the  AC  distortion  spectrum  exceed  the  envelope  in  Figure  2. 

The  crest  factor  shall  not  exceed '1.41  + .10  nor  shall  the  D.C. 
component  exceed  + .10  volts.  Excepting  the  conditions  of 
spikes  and  surges,  the  waveform  shall  he  within  the  band 
V (+_  .071  + sinO)  where  V is  the  maximum  value  of  the  equiva- 
lent sine  wave  and  Q is  the  phase  angle. 

Test  Method:  Mil-Std-705,  Section  601 

Mil-Handbook  705,  Section  106,  205 

Results:  As  follows: 


L 
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ii 


NAEC-92-125 
^2-22-77  Trial  One 


AC  WAVEFORM  ANALYSIS 


n 


Van  = 120.2 
Vbn  = 120.8 
Vav  = 120.3 


ia  = 2.10  x 1+0 
ib  = 2.15  x 1+0 
iav  = 2.13  x 1+0 


Pi  * 360  P2  = 385 
3 x 120.3  x 2.13  x 1+0  = KVA  = 3071+8.7 
29,800  = KW 

p.p,  = . 97 

30.7W.T  "yl 


Trial  Two 

Van  = 115.0 
Vbn  = 115.0 
Vcn  = 111+.5 
Vav  = 115.0 


ia  = 2.08  x 1+0 
ib  = 2.16  x 1+0 
ic  = 2.15  x 1+0 
iav  = 2.13  x 1+0 


P2  = 350 


Pi  = 350 

KVA  = 3 x 115  x 2.13  x 1+0  = 29,391+ 
KW  = (350  + 380)  1+0  = 29,200 

P.F.  = 29*200  _ 

29,391+  ' •" 

Raised  current: 


Van  = 115.0 
Vbn  * 115.5 
Vcn  » lilt. 5 
Vav  = 115.0 

KVA  = 30,81+0 

KW  = 30,280 

Pi  = 362 


ia  * 2.15  x 1+0 

ib  = 2.20  x 1+0 

ic  = 2.20  x 1+0 

iav  = 2.18  x 1+0 


395 


P.F.  * .98 


Waveform  Analysis:  The  AC  waveform  distortion  shall  not  exceed  0.05  and 

the  crest  factor  shall  not  exceed  1.1+1  + .1,  nor  shall 
the  DC  component  exceed  +.  0.10  volts. 

Line  to  neutral  - no  load. 


L 
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NAEC  92-125 


IMONIC 

HARMONIC 

IMBER 

Van 

Van 

NUMBER 

Van 

Van 

1 

•0 

0 

1 

26 

-75 

-80 

.0001 

2 

-56 

-56 

.00158 

27 

-79 

-83 

.0007 

3 

-57 

-58 

.00126 

28 

-76 

— 

• 

1+ 

-6k 

-66 

.0005 

29 

-77 

-81 

.00009 

5 

-1+6 

-U6 

.00501 

30 

-77 

— 

- 

6 

-75 

- 

- 

31 

-82 

- 

• 

7 

-52 

-52 

.00251 

32 

-76 

— 

8 

-65 

-65 

.00056 

33 

-81 

— 

— 

9 

-72 

-7k 

.00020 

31+ 

-76 

- 

• 

10 

-70 

-Jk 

.00020 

35 

-72 

-70 

.00032 

11 

-50 

-50 

.00316 

36 

-76 

— 

12 

-76 

- 

- 

37 

-77 

-82 

.00008 

13 

-5k 

-53 

.00221+ 

38 

-77 

— 

ll+ 

-76 

-76 

.00016 

39 

— 

-81+ 

.00006 

15 

— 

-80 

.0001 

1+0 

-77 

— 

• 

16 

-78 

-81+ 

.00006 

1+1 

-81+ 

.00006 

17 

-63 

-61+ 

.00063 

1+2 

-78 

_ 

_ 

18 

-76 

- 

- 

1+3 

-86 

-81+ 

.00006 

19 

-5k 

-51+ 

.002 

1+1+ 

-76 

— 

— 

20 

-76 

- 

- 

1*5 

-81+ 

-81+ 

.00006 

21 

-81+ 

-80 

.0001 

1+6 

-79 

22 

-76 

-83 

.00007 

1»7 

-82 

-85 

.00006 

23 

-73 

-80 

.0001 

1+8 

-77 

— 

— 

2k 

-77 

— 

— 

1+9 

-81+ 

— 

mm 

25 

-78 

-77 

• .00011+ 

50 

-79 

- 

- 

•First  trial  figures  inaccurate.  White  noise  interference. 


Distortion  Factor 


0.00750 
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n 


NAEC-92-125 

2-22-77 

HARMONIC 

NUMBER 

Line  to  neutral 

VTan 

- no  load. 

Vcn 

1 

1 

0 

1 

0 

2 

.00158 

-56 

.0011*1 

-57 

3 

.00200 

-51* 

.00251 

-52 

1* 

.00056 

-65 

.00056 

-65 

5 

.00631 

-1*1* 

.00631 

-1*1* 

6 

.00010 

-80 

- 

- 

7 

.00316 

-50 

.001*1*7 

-1*7 

8 

.00079 

-62 

.00063 

-61* 

9 

.00398 

-1*8 

.01259 

-38 

10 

.00020 

-71+ 

- 

- 

11 

.00251 

-52 

.00100 

-60 

12 

.00010 

-80 

- 

- 

13 

.00251 

-52 

.00251 

-52 

lb 

.00011* 

-77 

.00016 

-76 

15 

.00032 

-70 

.00050 

-66 

16 

.00006 

-81* 

.00008 

-82 

17 

.00089 

-6l 

.00071 

-63 

18 

. 00008 

-82 

- 

- 

19 

.00020 

-51* 

.00158 

-56 

20 

— 

— 

- 

- 

21 

.00018 

-75 

.00016 

-76 

22 

— 

- 

- 

- 

23 

.00022 

-73 

.00011* 

-77 

2k 

— 

- 

- 

- 

25 

.00008 

-82 

.00010 

-80 

26 

.00007 

-83 

.00008 

-82 

27 

.00013 

-78 

.00008 

-82 

29 

— 

- 

.00022 

-73 

31 

.00008 

-82 

— 

- 

33 

.00007 

-83 

.00008 

-82 

35 

.00063 

-61* 

.00032 

-70 

37 

.00013 

-78 

. 00010 

-80 

39 

Distortion 

Factor 

.00931* 

.00006 

.0151*3 

-85 
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NAEC  92-125 


2-22-77 

HARMONIC 

NUMBERS 

Line  to  Line  - 

VAB 

no  load. 

VAC 

VBC 

1 

0 

1 

0 

1 

0 

1 

2 

-58 

.00126 

-58 

.00126 

-57 

.0011+1 

3 

-57 

.0011+1 

-5k 

.00200 

-51+ 

.00200 

1* 

-66 

.00050 

-66 

.00050 

-66 

.00050 

5 

-1+5 

.00562 

-36 

.01585 

-1+1+ 

.00631 

6 

- 

— 

- 

- 

- 

7 

-5U 

.00200 

-50 

.00316 

-1+8 

.00398 

8 

-65 

.00056 

-66 

.00050 

-63 

.00071 

9 

-5k 

.00200 

-53 

.00221+ 

-1+7 

.001+1+7 

10 

-73 

.00022 

-76 

.00016 

— 

11 

-51 

.00282 

-5k 

.00200 

-60 

.00100 

12 

— 

— 

— 

— 

13 

-5k 

.00200 

-51+ 

.00200 

-52 

.00251 

Ik 

-79 

.00011 

-76 

.00016 

-76 

.00016 

15 

-76 

.00016 

-71 

.00028 

-66 

.00050 

16 

— 

• 

17 

-61+ 

.00063 

-65 

.00056 

-61+ 

.00063 

18 

• 

— 

— 

— 

• 

19 

-5k 

.00200 

-56 

.00158 

-56 

.00158 

20 

— 

_ 

— 

— 

— 

21 

-77 

.00011+ 

-76 

.00016 

-76 

.00016 

22 

— 

— 

- 

— 

— 

23 

-73 

.00022 

-78 

.00013 

-76 

.00016 

2k 

— 

- 

• 

— 

— 

25 

-78 

.00013 

-78 

.00013 

— 

— 

26 

-80 

.00010 

- 

— 

— 

— 

27 

-80 

.00010 

— 

_ 

-80 

.00010 

29 

-81+ 

.00006 

-83 

.00007 

— 

— 

31 

-85 

.00006 

- 

— 

-81 

.00009 

33 

-86 

.00005 

• 

— 

-82 

. 00008 

35 

-73 

.00022 

-71 

.00028 

-73 

.00022 

37 

-80 

.00010 

-82 

.00008 

-80 

.00010 

39 

Distortion 

Factor 

.00777 

-81+ 

. 00006 

.01683 

.00966 

! 


NAEC-92-125 


1 2-22-77 

Line  to  Neutral 

- full:  load,  unity  power 

factor 

HARMONIC 

NUMBERS 

1 

0 

Van 

1 

0 

Vbn 

1 

0 

Vcn 

1 

2 

-55 

.00178 

-55 

.00178 

-55 

.00178 

3 

-76 

.00016 

-50 

.00316 

-49 

.00355 

4 

-70 

.00032 

-70 

.00032 

-70 

.00032 

5 

-50 

.00316 

-45 

.00562 

-4.6 

.00501 

6 

— 

- 

— 

— 

— 

.. 

7 

-kb 

.00631 

-50 

.00316 

-50 

.00316 

8 

-70 

.00032 

-65 

.00056 

-66 

.00050 

9 

-68 

.00040 

-50 

. 00316 

-51 

.00282 

10 

-74 

.00020 

— 

- 

-74 

.00020 

11 

-55 

.00178 

-50 

.00316 

-55 

.00178 

12 

- 

- 

— 

_ 

13 

-56 

.00158 

-56 

.00158 

-60 

.00100 

14 

-80 

. 00010 

- 

— 

-80 

.00010 

15 

- 

- 

-72 

.00025 

-72 

.00025 

16 

- 

- 

— 

_ 

_ 

17 

-70 

.00032 

-66 

.00050 

-66 

.00050 

18 

— 

— 

_ 

_ 

19 

-48 

.00398 

-58 

.00126 

-60 

. 00100 

20 

- 

- 

- 

— 

_ 

21 

- 

- 

-80 

.00010 

-80 

. 00010 

22 

- 

• 

— 

_ 

23 

-80 

.00010 

-84 

.00006 

-77 

.00014 

24 

- 

— 

25 

- 

— 

-82 

. 00008 

-83 

.00007 

26 

- 

- 

- 

_ 

27’* 

- 

- 

- 

- 

-83 

. 00007 

29 

- 

- 

- 

— 

— 

31 

- 

- 

— 

33 

- 

- 

- 

— 

— 

_ 

35 

-80 

.00010 

-78 

.00013 

-80 

.00010 

37 

-84 

.00006 

-84 

.00006 

-86 

.00005 

Distortion 

Factor 

.00866 

.0089 

.0080 

88  (D-26) 


J 


NAEC  92-125 


2-22-11 

HARMONIC 

NUMBERS 

Line  to 

VAB 

Line  - 

Full  Load, 

Unity  Power  Factor 

VBC 

^AC 

1 

0 1 

0 

1 

0 

1 

2 

-55 

.00158 

-5k 

.00158 

-55 

.00178 

3 

-56 

.00158 

-5k 

.00200 

-55 

.00178 

4 

-70 

.00032 

-71 

.00028 

-71 

.00028 

5 

-38 

.01259 

-37 

.011*13 

-39 

.01122 

6 

— 

— 

- 

— 

7 

-5k 

.00200 

-39 

.01122 

-1+3 

.00708 

8 

-68 

.000U0 

-66 

.00050 

-69 

.00035 

9 

-56 

.00158 

-50 

.00316 

-56 

.00158 

10 

-80 

.00010 

-76 

.00016 

-71* 

.00020 

11 

-52 

.00251 

-52 

.00251 

-56 

.00158 

12 

-82 

.00008 

- 

- 

- 

- 

13 

-55 

.00178 

-59 

.00112 

-57 

.0011*1 

lh 

-83 

.00007 

- 

- 

- 

- 

15 

-76 

.00016 

-72 

.00025 

-80 

.00010 

16 

-83 

.00007 

- 

- 

- 

- 

17 

-70 

.00032 

-67 

.0001*5 

-68 

.0001+0 

18 

■■ 

— 

- 

- 

- 

- 

19 

-60 

.00100 

-60 

.00100 

-60 

.00100 

20 

• 

_ 

- 

- 

- 

21 

_ 

— 

-80. 

. 00010 

-81* 

. 00006 

22 

_ 

— 

- 

- 

23 

-82 

.00008 

-77 

.00011+ 

2k 

— 

- 

- 

25 

_ 

-83 

.00007 

-81* 

.00006 

26 

— 

- 

- 

- 

- 

27 

— 

-83 

.00007 

- 

- 

29 

— 

— 

-8U 

.00006 

- 

- 

31 

- 

- 

- 

- 

- 

- 

33 

- 

- 

- 

- 

- 

— 

35 

-80 

.00010 

-80 

.00001 

-80 

.00010 

37 

Distortion 

Factor 

-86 

.00005 

.01347 

-83 

.00007 

.01871* 

.01381 

i 


NAEC-92-125 


2-23-TT 

Harmonic  Tests  - 

AC  Waveform  Analysis  - 

.8  Power  Factor 

VAB  = 202 

ia  = 2.69 

?1  = 200 

P.F. 

O 

CO 

. 

11 

VBC  = 200 

ib  = 2.72 

P2  = 550 

VCA  * 200 

ic  = 2.70 

Line  to  Neutral  - 

.8  power 

factor 

HARMONIC 

NUMBERS 

VAN 

VBN 

VCN 

1 

0 1 

0 

1 

0 

1 

2 

-55 

.00178 

-5*+ 

.00200 

-51+ 

.00200 

3 

-k8 

.00398  . 

-51 

.00282 

-62 

.00079 

U 

-7b 

.00020 

-72 

.00025 

-72 

.00025 

5 

c 

-b9 

.00355 

-1+8 

.00398 

-50 

. 00316 

o 

7 

-1+9 

.00355 

-50 

.00316 

-55 

.00178 

8 

-52 

.00251 

-65 

.00056 

-68 

.0001+0 

9 

-1+7 

.001+1+7 

-b9 

.00355 

-75 

.00018 

10 

— 

— 

- 

-79 

.00011 

11 

-50 

.00316 

-5b 

.00200 

-51+ 

.00200 

12 

— 

- 

- 

- 

- 

- 

13 

-53 

.00221+ 

*52 

.00251 

-51+ 

.00200 

lb 

-80 

.00010 

-80 

.00010 

- 

- 

15 

-70 

.00032 

-68 

.0001+0 

-80 

.00010 

16 

_ 

— 

• 

— 

- 

- 

17 

-68 

.0001+0 

-61+ 

.00063 

-68 

.0001+0 

18 

— 

— 

- 

- 

- 

- 

19 

-60 

.00100 

-59 

.00112 

-58 

.00126 

20 

- 

- 

- 

- 

- 

- 

21 

-'(5 

.00018 

-79 

.00011 

- 

- 

22 

— 

— 

- 

- 

- 

- 

23 

-75 

.00018 

-75 

.00018 

-82 

.00008 

2b 

— 

_ 

- 

- 

- 

25 

mm 

_ 

-82 

.00008 

- 

- 

27 

-82 

.00008 

-82 

.00008 

- 

- 

29 

_ 

— 

— 

- 

- 

31 

-81+ 

.00006 

— 

— 

-85 

.00006 

33 

-81 

.00009 

182 

.00008 

-80 

.00010 

Distortion 

Factor 

.00932 

.00793 

.00528 

90  (D-28) 


J 


r 


NAEC  92-125 


2-23-77 

Line  to  Line  - 

Full  Load 

. 8 power 

factor 

HARMONIC 

NUMBERS 

1 

0 

Vac 

1 

0 

Vbc 

1 

VAB 

0 1 

2 

-1+8 

.00398 

-1*8 

. 00398 

-1*9 

.00355 

3 

-2*7 

.001*1*7 

-1*5 

.00562 

-50 

.00316 

1+ 

- 

- 

-65 

.00056 

-65 

.00056 

5 

-1*5 

.00562 

-1*2 

.0079*+ 

-1*1* 

.00631 

6 

— 

— 

- 

— 

_ 

7 

-1*6 

.00501 

-1*2* 

. 00631 

-50 

.00316 

8 

- 

- 

-61* 

.00063 

-6H 

.00063 

9 

-1*9 

.00355 

-1*1 

.00891 

-1*8 

.00398 

10 

- 

- 

_ 

11 

-5U 

.00200 

-58 

.00126 

-1*7 

.001+1*7 

12 

- 

— 

— 

13 

-50 

.00316 

-50 

.00316 

-1*8 

.00398 

lU 

- 

- 

-78 

.00013 

15 

-70 

.00032 

-66 

.00050 

-69 

.00035 

16 

- 

- 

- 

- 

• 

_ 

17 

-65 

.00056 

-61* 

.00063 

-60 

.00100 

18 

- 

— 

_ 

• 

_ 

19 

-5k 

.00200 

-59 

.00112 

-53 

. 00221* 

20 

- 

— 

— 

_ 

21 

-7** 

.00020 

-75 

.00018 

-79 

.00011 

22 

— 

— 

23 

-76 

.00016 

-71* 

.00020 

-71* 

.00020 

2k 

■ - 

- 

— 

• 

25 

-78 

.00013 

-80 

.00010 

-80 

. 00010 

26 

- 

— 

_ 

27 

-79 

.00011 

-81* 

.00006 

_ 

29 

-82 

.00008 

— 

— 

— 

31 

-80 

.00010 

-82 

.00008 

33 

-81* 

.00006 

-81* 

.00006 

.. 

35 

-75 

.00018 

-81 

.00009 

-77 

.00011* 

37 

- 

- 

-85 

.00006 

-82 

. 00008 

Distortion 

Factor 

.01112 

.01562 

.0111*5 

L 
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NAEC-92-125 

^2-23-77  CREST  FACTOR  ANALYSIS 

Line  to  Neutral  - full  load  - .8  power  factor 


~i 


AN 

118 

2.17 

Vpeak  = 3 volts 
crest  =1.38 

05 

BN 

120 

2.21 

Vpeak  = 3 volts 
crest  =1.36 

035 

CN 

118 

2.17 

Vpeak  = 3 volts 
crest  =1.38 

5^.35 

s 

Line  to  Line 

- Full  Load 

- 

.8  power  factor 

AC 

200 

3.68 

Vpeak  = 5.0 
crest  =1.36 

0735 

• 

AB 

201 

3.7 

Vpeak  = 5.1 
crest  =1.38 

0735 

BC 

201 

Vpeak  = 5.1 
crest  =1.38 

0735 

= 

3.7 

vM  = 115.8 

la  = 2.70 

P1  = 199 

Vm  - 116 

n>  = 2.70 

VCN  = 115.8 

Ic  = 2.72 

P2  = 550 

- use  54.35  ratio  volt  per  inch 

Vpeak  = 3"  crest  = 3 _ , \,0 

2.11  • 

Vpeak  = 3"  crest  = 3 . 

or + i-^i 

Vpeak  = 3"  crest  = 1.43 


Vpeak  = 5.2V  crest  * l.Ul 
Vpeak  = 5.2V  crest  = 1.41 
Vpeak  = 5.1V  crest  =1.38 
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1 2-23- 

-77 

Line 

to  Neutral  - full  load 

unity  power 

factor . 

A-N 

114.6 

505  = 2>11 

Vpeak  = 3V 

crest  = 

1.42 

B-N 

= 2 13 

5^735 

Vpeak  = 3V 

crest  = 

1.4l 

C-N 

114.2  _ „ 

5CT35  - 2-10 

Vpeak  = 3V 

crest  » 

1.43 

Line 

to  Line  - full  load 

unity  power  factor. 

Vca 

Vpeak  * 5.1V 

crest 

* 1.39 

Vab 

Vpeak  » 5.1V 

crest 

» 1.40 

Vcb 

201.0 

Vpeak  = 5.1V 

crest 

» 1.38 

54.35  = 3-T0 


~] 


SECTION  REQUIREMENT 

5. 1.1. 6 Amplitude  Modulation:  The  amplitude  modulation  components 
(side  bands)  resulting  from  all  modulation  influences  shall 
not  exceed  0.62  volts  RMS  over  the  range  1*00  + 60  HZ. 

(1)  Test  Method:  Mil-Std-705,  Section  602 

Mil-Handbook  705,  Section  106 

(2)  Theory:  As  follows: 


L 
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^28-77 

V = (Vmax  cos  Wst)  cos  Wt 

W = U00  HZ  Wg  » modulating  frequency 
1/2  Vmax  cos  (W  + Wg)t  + 1/2  Vmax  cos  (W  - Wg)t 

1^0  = 20  log10  2*  Log10  X2.  = 2 P = 100 

V1  V1  1 

20  log10  1/2  * -6.02 

115 

340  400  460 

40db  below  115  volts  = 1.15  volts 

20  log10  .0571  20  log10  1/2  - 20  log1Q  10.0  = -26.02 

Ve 

V(t ) = Vmax  (1  + VTn“-v  cos  Wgt)  cos  Wt 

V(t)  = Vmax  cos  Wt  + l/2Vg  cos  (W  + Ws)t  + l/2Vg  cos  (W  - Wg)t 
l/2Vs  * amplitude  of  side  baud  .62  volts 

db  = 20  log10  = 20  log10  Vn  - 20  log10  115 

-56  + 20  log10  115  = -56  + 4l  = -15 
Result:  Requirement  removed  from  Mil-Std 

SECTION  REQUIREMENT 

5. 1.1. 7 System  Frequency:  Shall  be  400  + 5 HZ  for  helicopters 

U00  + 20  HZ . Emergency  mode  400  +_  40  HZ . Below  360  HZ , 
frequency/voltage  ratio  shall  be  greater  than  2.9* 

(1)  Test  Method:  Mil-Std-705,  Section  608 

Mil-Handbook  705,  Section  205 

(2)  Results:  As  follows: 
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FREQUENCY 


FREQUENCY  CALIBRATION 
DIVISIONS  FROM  1-10-77-7 


400.84 

46.5 

404.54 

45.0 

408.83 

44.0 

413.45 

43.5 

395.96 

47.0 

391.85 

48.0 

387.67 

49.0 

FREQUENCY  DIFFERENCE 

FREQUENCY 

CYCLES 

MILLIE 

Div 

Hertz 

46.5 

400 

0 

0 

44 

411 

2 

5 

43 

416 

4 

10 

43 

4i6 

6 

15 

44 

4li 

8 

20 

44.5 

409 

10 

25 

46 

402 

12 

30 

46 

402 

14 

35 

46.5 

400 

16 

40 

46.5 

400 

18 

45 

46.5 

40 

20 

50 

cos  = 

( (325  + 200)  40 

V3  x 217  x 40  x 155 

.9  - 

21 

25.303 

tan 

* V3  Pi  - PP 

1 _ 

X c. 

.75  = tan 

= V3 

Pi  + p2 

— 

1 + 

(3/4  + V3)!i  » V3  . 3/1 

P2  V3  - 3/4 

.98205 

P1  V3  + 3/4 

2.482 

V a 200 

P * V3  VI  cos  0 

P » 30000  a V3 

x 200  x . 

V3  (1  - ZS. 


.39566 


* 2*T5 


I * 2.75  x 40 


800  x UP 
1000 


32.000 


V3  x 200  x 2. 
32000 
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Voltage  124.7/8 


n 


Volts 

Period 

Frequency 

Dig 

1 

124.7/6 

2502.0 

400 

399.08 

400.12 

65.7 

2496.5 

400.56 

2 

124.5/6 

2475.4 

404 

400.56 

402.65 

64.2 

2471.0 

404.69 

3 

124.5/6 

2445.1 

4o8 

408.86 

63.0 

6.5 

4 

124.4/5 

2419.1 

412 

413.76 

4.6 

5 

124.6/7 

2525.4 

396 

395.86 

6.9 

6 

124.6/7 

255.20 

392 

392.11 

67.0 

4.86 

7 

124.5 

258.34 

388 

387.51 

7.77 

L 
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SECTION 
5. 1.1. 8 


5.1.1. 9 


5. 1.2.1. 


5.1. 2. 2 


5.1.3. 


5.1.U 

L 


REQUIREMENT 


~i 


Frequency  Modulation:  Modulated  frequency  deviation  shall  not 
exceed  the  limits  specified  in  Figure  3. 

(1)  Test  Method:  Mil-Std-705,  Section  608 

Mil-HDBK-705,  Section  205 

(2)  Results:  Did  not  test  no  frequency  modulation  in  voltage 

only  contribution  of  frequency  modulation  would 
come  from  defective  governor  circuits. 

Frequency  Drift:  Frequency  drift:  Frequency  drift  shall  not 
exceed  the  steady  state  limits,  nor  occur  at  a rate  of  change 
exceeding  15  HZ  per  minute. 

(l)  Results:  Frequency  drift  exceeded  15HZ  per  minute  when 
system  was  exposed  to  inclement  weather. 

When  environment  was  held  constant,  no  drift  was 
observed. 

Voltage  Surge:  Voltage  surges  shall  not  exceed  the  limits  of 
Figure  (Return  to  steady  state  limits  within  80  milliseconds) 

(l)  Result:  From  visicorder  recordings  no  load  to  full  load 
6k  milliseconds. 


Voltage  Spike:  The  system  electromagnetic  capability  aspects 
of  voltage  shall  be  controlled  by  Mil-E-6051. 

(l)  Result : Did  not  test.  Requirement  removed  from  Mil-Std. 

Frequency  Transient  Limits:  The  frequency  transient  shall  be 
within  lOO  +_  25HZ,  returning  to  within  +_  20HZ  in  one  second, 
to  within  1+00  + 10  HZ  in  5 seconds,  and  to  within  1+00  +_  5 HZ 
in  15  seconds.  The  rate  of  frequency  change  shall  not  exceed 
500HZ/second  for  any  period  greater  than  15  milliseconds. 


(l)  Results:  From  visicorder  data  - no  load/ full  load  fre- 
quency response  was  as  follows: 

(a)  No  load  to  full  load,  1+00HZ  to  388  HZ 
returning  in  less  than  one  second. 

(b)  Full  load  to  no  load,  1+00HZ  to  1+12HZ 
returning  to  1+00HZ  in  less  than  one  second. 

Over  Hase  and  Overvoltage:  The  AC  overvoltage  may  not  exceed 
180  volts.  The  under  voltage  may  not  go  below  10  volts. 

(l)  Results:  Under  voltage  cutoff  - 95  volts 
Over  voltage  cutoff  - 150  volts 
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^SECTION 


REQUIREMENT 


5.1.5  Out-of-Tolerance  Frequency:  The  frequency  limits  shall  not 

exceed  100  +_  25HZ  for  more  than  5 seconds,  or  for  an  interval 
specifically  authorized,  but  in  no  instance  be  allowed  to 
exceed  U80HZ. 


Results:  (l)  Under  frequency  shutdown  at  370.37HZ. 


(2)  Overfrequency  shutdown:  System  still  opera- 
tional at  121HZ;  could  not  obtain  higher 
frequency  to  observe  generator  shutdown. 


NAEC-92-125 


APPENDIX  E 

GENERATOR  CALCULATIONS 

Formulas  presented  are  for  100?  load  calculations. 

These  items  can  be  recalculated  for  any  load  condition  by  simply  inserting 
the  values  that  correspond  to  the  % load  being  calculated.  The  factor 
(?  Load)  takes  care  of  (ipjj)  as  it  changes  with  load. 

100 

Note  that  values  for  F & W and  Wq  (Stator  Core  Loss)  do  not  change  with  load, 
therefore  they  cam  be  calculated  only  once. 

See  Ref  (a),  (b),  (h),  (k),  and  (l)  for  calculation  procedures. 


NAEC-92-125 

eph  phase  volts 

For  3 phase,  wye  connected  generator 
p _ (Line  Volts) 
PH~  /*• 


L 


Tr 


Ksk 


SOLID  CORE  LENGTH 

The  solid  length  is  the  gross  length  times  the  stacking  factor.  If  ventilating 
ducts  are  used,  their  length  must  be  subtracted  from  the  gross  length  also. 


Is  = <*!)[<?)  - K)  (*>3 


POLE  PITCH  in  inches. 


TP  -im. 

(P) 


SKEW  FACTOR 

The  skew  factor  is  the  ratio  of  the  voltage  induced  in  the  coils  to  the  voltage 
that  would  be  induced  if  there  were  no  skew. 

W^ien  SK  = °»  = 1 


sin 


Ksk  " 


l 

- 


2(Tp)J 


^ <Tsk) 

2(fp) 
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TYPE  OF  STATOR  SLOT 


NAEC-92-125 


(Q)  Open  Slots 


(b)  Constant  Slot  Width 


! , Tjf 

h'  i 1 — 1 h* 

i "]□  I 

h b»  -H 


*>•  — | 


♦(C)  Constant  Tooth  Width  (d)  Round  Slots 


4 V 


± ' ** 
4^ 


it- 


' L,j 


♦NOTE: 

For  slot  type  C, 
(t>i)  + (b3) 


ALL  SLOT  DIMENSIONS  - Given  in  inches. 

Where  the  dimension  does  not  apply  to  the  slot  being  used,  insert  0 on  input 
sheet. 

For  slot  type  C 

(t>l)  + (b3) 


Q STATOR  SLOTS  - Number  of 
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NAEC-92-125 

hc  DEPTH  BELOW  SLOTS 

The  depth  of  the  stator  core  below  the  slots  (in  inches.  Due  to  mechanical 
strength  reasons,  he  should  never  be  less  than  70%  of  hs. 

(D)  - [?d)  + 2(h 


q SLOTS  PER  POLE  PER  PHASE 

n (Q) 

Q (P)  (m) 

Tg  STATOR  SLOT  PITCH,  inches 

~ 2LJdL 

/ s - (Q) 

Tsl/3  STATOR  SLOT  PITCH 

l/3  distance  up  from  narrowest  section 

For  slot  (a),  (b),  (c),  and  (e)  - (in  inches) 
^|(d)  + .66(ha)] 

T.l/3  - (Q,--- 


For  slot  (d) 


PER  UNIT  OF  POLE  PITCH  SPANNED 

Ratio  of  the  number  of  slots  spanned  to  the  number  of  slots  in  a pole  pitch. 
This  value  must  be  between  1.0  and  0.5  to  satisfy  the  limits  of  this  program. 


.1X1. 
(rn)  (q) 
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Kp  PITCH  FACTOR 

The  ratio  of  the  voltage  induced  in  the  coil  to  the  voltage  that  would  be  induced 
in  a full  pitched  coil. 


Kp  = sin  JXL 

(m)(q) 


11“ 


x 90' 


ne  TOTAL  EFFECTIVE  CONDUCTORS 

The  actual  number  of  effective  series  conductors  in  the  stator  winding  taking 
into  account  the  pitch  and  skew  factors  but  not  allowing  for  the  distribution 
factor. 


ne  = 


(Q)(n8)(Kp)(KsK) 

(C) 


^ CONDUCTOR  AREA  OF  STATOR  WINDING  in(inches)2 

The  actual  area  of  the  conductor  taking  into  account  the  corner  radius  on  square 
and  rectangular  wire.  See  the  following  table  for  typical  values  of  corner  radii. 

ac  = .257T(Dia)2 


For  60*  phase  belt  angle  and  q = integer 

_ Sin  30° 

**  ' (q)  Sin  [30/(q)] 

| 

[ 

For  60*  phase  belt  angle  and  (q)  ^ Integer  = N/B  reduced  to 
lowest  terms. 

Sin  30* 

*d  " (N)  Sin  [30/(Nf] 


For  120*  phase  belt  angle  and  (q)  = integer 
Sin  60° 

Kd  = 2(q)  Sin  [30/(q)J 
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Le  END  EXTENSION  LENGTH  in  inches 


it  1/2  MEAN  TURN 

The  average  length  of  one  conductor  in  inches. 

it  = (1)  + <Le) 


X8°C  STATOR  TEMP  °C 

Input  temp  at  which  F.  L.  losses  will  be  calculated.  No  load  losses  and  cold 
resistance  will  be  calculated  at  20°C. 

Pa  RESISTIVITY  OF  STATOR  WINDING 

In  micro  ohm-inches  at  20 °C.  If  tables  are  available  using  units  other  than 
that  given  above,  use  factors  below  for  conversion  to  ohm-inches. 


10U  CE-6) 
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F 

ohm-cm 

ohm-in 

ohm-cir  mil/ft 

1 ohm-cm  = 

1.000 

0. 3937 

6.015  x 106 

1 ohm-in  = 

2.540 

1.000 

1.528  x 107 

1 ohm-cir  mil/ft  = 

1.662  x 10“7 

6.545  x 10-8 

1.000 

Conversion  Factors  for  Electrical  Resistivity 


Ps  RESISTIVITY  OF  STATOR  WINDING 
(hot) 

Hot  at  XS°C  in  micro  ohm -inches 


rsph  STATOR  RESISTANCE/PHASE 
(cold) 

Cold  at  20°  C in  ohms 

(/,8)(n8)(Q)(/t) 

RSPH(cold)  = , w * 10 

(m)(ac)(C)2 


rSPH 

(hot) 


STATOR  RESISTANCE/PHASE 
Calculated  at  X°C  in  ohms 


RSPH(hot) 


(fs  hot)^ns)^^t^  x iQ-6 
(m)(ac)(C)2 


105  t*-7) 
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EF  EDDY  FACTOR  TOP 
(top) 

The  eddy  factor  of  the  top  coil.  Calculate  this  value  at  the  expected  operating 
temperature  of  the  machine. 


EF 


top  “ 1 + 


, .584  + 


M <t> 


3.35  x 10 


(bs)  0°s)  hot 


EF 

(hot) 


EDDY  FACTOR  BOTTOM 


The  eddy  factor  of  the  bottom  coil  at  the  expected  operating  temperature  of 
the  machine. 


EF(bot)  " (EF(top)>  ’ 1'677 


<hst)<n8)«f)(ac) 


(hs^Shot* 


x 10 


-3 


STATOR  TOOTH  WIDTH 
1/2  way  down  tooth  in  inches. 

For  slots  type  (a),  (b),  (d)  and  (e) 


-r&d)  + (hj 

btm  ~ (Q)  " ^ 


For  slot  type  (c) 

nrfa)  + 2(h3 

btm  (Q)  " -^3) 


106  C&-8) 


*>ti/3  STATOR  TOOTH  WIDTH 


NAEC-92-125 


l/3  distance  up  from  narrowest  section 

For  slots  type  (a),  (b)  and  (e) 
bt  1/3  = ('T'g  1/3/  - (bfl) 


For  slot  type  (c) 
bt  1/3  = btm 

For  slot  type  (d) 
bt  l/3  » <^/3) 

bt  TOOTH  WIDTH  AT  STATOR  I.D.  in  inches 

For  partially  closed  slot 

‘,■9  -M 

For  open  slot 

h **SL  -(b) 
bt  = (Q)  l 8i 

SjqJq  MINIMUM  AIR  GAP  in  inches 

For  concentric  pole  face  gmin  = 8max. 

For  non  concentric  pole  face  gmiQ  = gap  at  the  center  of  pole. 
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Cx  REACTANCE  FACTOR 

Used  la  calculating  conductor  permeance  and  is  dependent  on  the  pitch  and 
distribution  factor. 


C-v  - 


(KX) 

(Kp)2  (Kd) 


Kx  Factor  to  account  for  difference  in  phase  current  in  coil  sides  in  same  slot. 
For  60°  phase  belt  winding 


or 


Ky  = l/4  + ll  where  2/3  = (y)(m)(q)  = 1.1 

Um)(q)  JJ 


where  l/2  = (31a)  = 2/3 


For  120°  phase  belt  winding 


Ky  = .75  when  2/3  = (y)/(m)(q) 


or 


im--7} 


Kx  - -1 1 where  1/2  = JL  - 2/3 


CONDUCTOR  PERMEANCE 

The  specific  permeance  for  the  portion  of  the  stator  current  that  is  embedded 
in  the  iron.  This  permeance  depends  upon  the  configuration  of  the  slot  (flux 
lines  per  ampere  turn,  per  inch  of  stator  stack) . 


(a)  For  open  slots 


(bt)2  , 

TS??7<i)  + 


108  (1-10) 
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(b)  For  partially  closed  slots  with  constant  slot  width 


_ 20 
= <cx* 


(V  + a«H>  + »w)t  + (bt)2  . 

(bd)  (b0)  + (b8)  (bs)  3(bs)  16(Ts)(g) 


• 35bt] 

^ J 


(c)  For  partially  closed  slots  (tapered  sides) 


7i  = (°x) 


20 


(m)(q) 


(hp) , 2(y  | 2(iy  t (hx)  ( (b,)2  | .35bt 


(b0) + (bj)  (bj)  + (b2)  3(b2)  16(^)(g)  rs 


(d)  For  round  slots 
20 


i = (cx) 


(m)(<D 


.62  + 


(e)  For  open  slots  with  a winding  of  one  conductor  per  slot 


jy 

(bs) 


- (C  ) 20  jy  + ill  + 6 + (g)  , {JjL 

* X (rn)(q)  (bg)  3(bg)  ' 2(TS)  4(g) 


Ke  LEAKAGE  REACTIVE  FACTOR  for  end  turn 

v _ Calculated  value  (LE) 

E _ Value  (Le) 

7^  END  WINDING  PERMEANCE 

The  specific  permeance  for  the  end  extension  portion  of  the  stator  winding. 

6.  28(Ke) 


'T' 

E = C/)(Kd)2 


& eee 

2n 
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WEIGHT  OF  STATOR  COPPER  In  lbs. 

#'s  copper  = • 321(ns)(Q)(ac)(it) 

WEIGHT  OF  STATOR  IRON  In  lbs. 

#'s  iron  = .283  (btm)  <Q)  (/s)  (h8)  + 1T(D)  - (hQ)  (h c)(fg) 


Ks  CARTER  COEFFICIENT 

For  open  slots 

(T'g)  5(g)  + (bg) 

K®  = (Tg)  5(g)  + (bs)  - (bg)2 

For  partially  closed  slots 

T s &-44(g)  + .750^ 

Kfl  = Ts  (4.44(g)  + .75(b0T]  - (b0)2 

Ag  AIR  GAP  AREA 

The  area  of  the  gap  surface  at  the  stator  bore. 

Gap  Area  =’7T(d)  (l) 

ge  EFFECTIVE  AIR  GAP  (in  square  inches) 

ge  = (Kfl)(g) 


AIR  GAP  PERMEANCE 
a — — ~ — ■ 

The  specific  permeance  of  the  air  gap. 

^ 6. 38(d) 

A * (P)8.) 


UO  (E-12) 


WINDING  CONSTANT 
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The  ratio  of  the  RMS  line  voltage  for  a full  pitched  winding  to  that  which  would  be 
induced  in  all  the  phase  conductors  in  series  if  the  density  were  uniform  and  equal 
to  the  maximum  value. 


(E)(C!)(Kd) 

Cw  ' /2(EpH)(m) 

Assuming  K<j  = . 955,  then  Cw  = . 225  Cj  for  three  phase  delta  machines 
And  = .390  C ^ for  three  phase  star  machines. 

DEMAGNETIZING  FACTOR  - direct  axis. 

C _ (oc)^  + sin  Goc 
M 4 sin  (oc)  'T/2 


CROSS  MAGNETIZING  FACTOR  - quadrature  axis. 


l/2  cos  .(oc)  7T/2J  + (octfT-  sinL(ocV2j 

I valid  for 

q 4 sin  [(oc)  '7T/2J 

) poles 

POLE  DIMENSIONS  LOCATIONS 
Where: 

bjj  = width  of  pole  head 
bp  = width  of  pole  body 
hjj  = height  of  pole  head  at  center 
hf  = Height  of  pole  body 
j^p  =*  length  of  pole  body 
- length  of  pole  head 

all  dimensions  in  inches 


POLE  EMBRACE 


P 
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ap  POLE  AREA 

The  effective  cross  sectional  area  of  the  pole. 

*p  = (bp)  ( /p)  (Kj)  (square  inches) 

7"al  POLE  SIDE  LEAKAGE  PERMEANCE 

]\  . _ — ..(hf) 

87  T-/(P)  [(dr)  - 2 (hjj)  - .5(hf)J  - (bp) 

POLE  TIP  LEAKAGE  PERMEANCE 

= 2 [(fy  + (g)  - (fp)/l8] 

< V - (bh> 

POLE  END  LEAKAGE  PERMEANCE 

T-J  = 2 Q*h>  ~ (AH  + (bf)  + • 25 (bp) 

(!) 

0T  TOTAL  FLUX  IN  KILOLINES 

^ _ 6(E)106 

^T  ' (Cw)(ne)(RPM) 

B*  TOOTH  DENSITY  in  Kilolines/in2 

The  flux  density  in  the  stator  tooth  at  l/3  of  the  distance  from  the  minimum  section. 

B ^ 

‘ • «)<t,)(bu/j) 
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0p  FLUX  PER  POLE  in  Kilolines 

, (g>T)(CP> 
p (P) 


Bc  CORE  DENSITY  in  Kilolines/in2 
The  flux  density  in  the  stator  core 

(0p) 

Bc  " 2 (hc)  ( Hg) 


B„  GAP  DENSITY  in  Kilo  Lines/in2 


g 


The  maximum  flux  density  in  the  air  gap 


Bg  7T(d)(/) 


AIR  GAP  AMPERE  TURNS 

The  field  ampere  turns  per  pole  required  to  force  flux  across  the  air  gap  when 
operating  at  no  load  with  rated  voltage. 


(Bg)(ge)  x 10- 


3.19 


ft  STATOR  TOOTH  AMPERE  TURNS 


Ft  = hs  ^Nl/in  at  density  B^j 


Fc  STATOR  CORE  AMPERE  TURNS 


Fc  " 


VfiD)  - (hJi 


4(P) 


[NI/in  at  density  of  (BcTj 
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Fs  STATOR  AMPERE  TURNS,  total 

Fa  = (Ft)  + (Fc) 

0^  LEAKAGE  FLUX  - at  no  load 

&L  " • 00638  [(Ty)  + (T-ei)  + (7t;T|[(Fg)+  (Fs)]  (/p) 

0PT  TOTAL  FLUX  PER  POLE  - at  no  load 

0p«r  = 0p  + 0 

Bp  POLE  DENSITY 

The  flux  density  at  the 


Fp  POLE  AMPERE  TURNS  - at  no  load. 

The  ampere  turns  per  pole  required  to  force  the  flux  through  the  pole  and  spider 
at  no  load  rated  voltage.  In  general  the  spider  density  is  kept  fairly  low  and  its 
ampere  turns  can  be  neglected.  The  no  load  pole  ampere  turns  per  pole  are 
calculated  as  the  product  of  |(hf)  + (hjjj  times  the  NI  per  inch  at  the  density  (Bp) . 

Fp  = Q(hf)  + (hjj)"J  [^NI/ in  at  density  (Bjjj 

Fnl  TOTAL  AMPERE  TURNS  - at  no  load. 

The  total  ampere  turns  per  pole  required  to  produce  rated  voltage  at  no  load. 


IFNL  FIELD  CURRENT  - at  no  load 

JFNL  = (fnl)^(NP) 


base  of  the  pole. 

_ (0pt) 

(ap) 
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Ep  FIELD  VOLTS  - at  no  load. 

This  calculation  is  made  with  field  resistance  at  20°C  for  no  load  condition. 

EF  = ^FNL^f  cold) 

SF  CURRENT  DENSITY  - at  no  load. 

Amperes  per  square  inch  field  conductor. 

SF  = ^FNL^^cf) 

A AMPERE  CONDUCTORS  per  inch. 

The  effective  ampere  conductors  per  inch  of  stator  periphery.  This  factor 
indicates  the  "specific  loading"  of  the  machine.  It's  value  will  increase  with 
the  rating  and  size  of  the  machine  and  also  will  increase  with  the  number  of 
poles.  It  will  decrease  with  increases  in  voltage  or  frequency.  A is  generally 
higher  in  single  phase  machines  than  in  polyphase  ones. 

A _ flpH^s^p) 

~ (Q(t8) 

X REACTANCE  FACTOR 

The  reactance  factor  is  the  quantity  by  which  the  specific  permeance  must  be 
multiplied  to  give  percent  reactance.  Specific  permeance  is  defined  as  the 
average  flux  per  pole  per  inch  of  core  length  produced  by  unit  ampere  turns 
per  pole. 

100(A)  (Kj) 

X = f2( CjHBg)  x 103 


LEAKAGE  REACTANCE 

The  leakage  reactance  of  the  stator  for  steady  state  conditions. 

XJ  - Xfo)  + Oj.)] 

In  the  case  of  two  phase  machines  a component  due  to  belt  leakage  must  be 
included  in  the  stator  leakage  reactance.  This  component  is  due  to  the  har- 
monics caused  by  the  concentration  of  the  MMF  into  a small  number  of  phase 
belts  per  pole  and  is  negligible  for  three  phase  machines. 
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7“  _ °- 1^ 
B “(P)(ge) 


M 

JJm)  (Q)J 

(Kp) 


-X  + (’7'g)  + ( where  7^  = 0 for  3 phase  machines. 


REACTANCE  - direct  axis. 

This  is  the  fictitious  reactance  due  to  armature  reaction  in  the  direct  axis, 
(in  percent) 

xad  - <xH7W<c1><cM> 


REACTANCE  - quadrature  axis. 

This  is  the  fictitious  reactance  due  to  armature  reaction  in  the  quad  axis, 
(in  percent) 


Xaq  " W^Oa) 

D RESISTIVITY  of  damper  bar  at  X^'C 
(hot) 


e -,P,  (XD°C)+  234.5 

> D(hot)  u Tr  rr-r-r 


254.5 


CONDUCTOR  AREA  OF  DAMPER  BAR 
Calculate  same  as  stator  conductor  area 

acd  = • 25 /y”(damPer  bar  dia)' 


acd  = ^bi)  (damper  bar  width) 
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r 


Vr 


PERIPHERAL  SPEED 

The  velocity  of  the  rotor  surface  in  feet  per  minute. 
„ 7jr(drHRPM) 
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*d 


SYNCHRONOUS  REACTANCE  - direct  axis. 

The  steady  short  circuit  reactance  in  the  direct  axis,  (percent) 
*d  « (Xj ) + (Xjrf)  = (130)  + (131) 

SYNCHRONOUS  REACTANCE  - quadrature  axis. 

The  steady  state  short  circuit  reactance  in  the  quadrature. 

Xq  = (X^ ) + (Xaq)  = (130)  + (132)  (percent) 


DAMPER  SLOT  DIMENSIONS 

- width  of  slot  opening 
h^0  - height  of  slot  opening 
hj,  - diameter  of  round  slot 
hjjj  - height  of  bar  section  of  slot 
b^  - width  of  rectangular  slot 

All  dimensions  in  inches 


RESISTIVITY  of  rotor  field  conductor  at  Xf*C 


(hot) 

Pf(hot)  = ^f 

"(Xj'C)  + 234.5 

n 

254.5 

% 

COLD  FIELD  RESISTANCE  at  20 

°C 

(cold) 

•i 

<Np)(P)(/tr)  * I"'6 

^f(cold)  - (ft)  (ad) 

n 
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FIELD  LEAKAGE  REACTANCE  la  percent 


fTCjjACm) 

XF  = <Xad>  1-La—  4/: 


2(CP)+  4(7F) 

<*V 
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Lf  FIELD  SELF  INDUCTANCE,  henries 

Lf  = (Np)2(P)(ip)  [(Cp)(7^)  x lO-8 

7^  ROTOR  LEAKAGE  PERMEANCE 

= 4.25  [(^j)  + 1.5(frf)]  + 6.38(Jvei) 

7^  PERMEANCE  OF  DAMPER  BAR  - in  direct  axis. 


NAEC-92-125 


Dd 


^cos 

t 

1 

it 

■ j 

| W 

L 2(Tp) 

[ <^b 

Xjjj  DAMPER  LEAKAGE  REACTANCE  - in  direct  axis  (percent) 

xDd  ' X^Dd 


f PERMEANCE  IN  QUADRATURE  AXIS 

For  round  slot 


~ -20<n>) 

'D#. 


q (Tp) 

For  rectangular  slot 

20^ 


+ . 62  + . 5 + 
(bbo)  ^b) 


T, 


W (Tp) 


(hwJ  (bw,) 

-22.  + _2L  + .5+  (g>  1 

OW  3<bbl>  Op 


Xpq  DAMPER  LEAKAGE  REACTANCE  - in  quadrature  axis  (percent) 

XDq  " X<  V 
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X’du  UNSATURATED  TRANSIENT  REACTANCE  (percent) 
X’du  = (X  ) + (Xf) 


X j SATURATED  TRANSIENT  REACTANCE  (percent) 


Xd  = • 88(X  du) 


SUBTRANSIENT  REACTANCE  in  direct  axis  (percent) 


When  damper  bars  exist 

Xd  - (X  ) + (XM) 

When  no  damper  bars  exist 
Xd  = <Xd) 


SUBTRANSIENT  REACTANCE  in  quadrature  axis  (percent) 
When  damper  bar  exists 


Xq  = (X  ) + (X^) 

When  no  damper  bars  exist 

X^Xq 


NEGATIVE  SEQUENCE  REACTANCE 

The  reactance  due  to  field  which  rotates  at  synchronous  speed  in  a direction 
opposite  to  that  of  the  rotor,  (percent) 

X2  " -5  X>X" 


ZERO  SEQUENCE  REACTANCE 


The  reactance  drop  across  any  one  phase  (star  connected)  for  unit  current  in 
each  of  the  phases.  The  machine  must  be  star  connected  for  otherwise  no 
zero  sequence  current  can  flow  and  the  term  then  has  no  significance. 

(in  percent) 
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(*xo> 


x° = x / ^xi>  + (>b<3  + 


1.667  (ha)  -i-  2(hg) 

(m)(q)(Kp)2(Kd)2(b8) 


•2(7e)/ 


^xo 

KXo  - 

(m)(q) 

*X1 

«X1  " 

j4(m)(q) 

or 

■ 

Kxi  = : 

-2i/J 

4(m)(q) 

^Bo 

^Bo  - 

^xo)  r 
(Kp)2  L 

or 

(Kxo) 

ii 

o 

(Kxl) 

C(Kxo) 

i<*x  i> 

- 2 


*] 


1 

4 


(Kxo) 


<^bq). 


Tdo  OPEN  CIRCUIT  TIME  CONSTANT 


(Kxo> 

(Kp)2 


D07^]] 


The  time  constant  of  the  field  winding  with  the  stator  open  circuited  and  with 
negligible  external  resistance  and  inductance  in  the  field  circuit.  Field  resis- 
tance at  room  temperature  (20 °C)  is  used  in  this  calculation,  (seconds) 


r ».  - LF 

do  TT- 


See  appendix  for  explanation  of  time  constants. 

ARMATURE  TIME  CONSTANT 

Time  constant  of  the  D.  C.  component.  In  this  calculation  stator  resistance  at 
room  temperature  (20°C)  is  used,  (seconds) 
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p 


1 


NAEC-92-125 


T_  = 


*a 


a 2007r(f)(ra) 


where 


„ _ (m)(IpH)  ^PHcold) 

a — 

(Rated  KV^  x 103 


Td  TRANSIENT  TIME  CONSTANT 

The  time  constant  of  the  transient  reactance  component  of  the  alternating  wave, 
(seconds) 

. <*i>  , 

Td  - gy  (Tdo) 


Td  SUBTRANSIENT  TIME  CONSTANT 

The  time  constant  of  the  subtransient  component  of  the  alternating  wave.  This 
value  has  been  determined  empirically  from  tests  on  large  machines.  Use 
following  values. 

ff 

T^  = . 035  second  at  60  cycle 
Td  = . 005  second  at  400  cycle 

FgC  SHORT  CIRCUIT  AMPERE  TURNS 

The  field  ampere  turns  required  to  circulate  rated  stator  current  when  the 
stator  is  short  circuited. 

FSC  = (^d)  (Fg) 

SCR  SHORT  CIRCUIT  RATIO 

The  ratio  of  the  field  current  to  produce  rated  voltage  on  open  circuit  to  the 
field  current  required  to  produce  rated  current  on  short  circuit. 

Since  the  voltage  regulation  depends  on  the  leakage  reactance  and  the  armature 
reaction,  it  is  closely  related  to  the  current  which  the  machine  produces  under 
short  circuit  conditions,  and  therefore  is  directly  related  to  the  SCR. 


SCR  = NL 
F 

SC 
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fttjt  ROTOR  1%  - at  no  load. 


The  copper  loss  in  the  field  winding  is  calculated  with  cold  field  resistance  at 
20 °C  no  load  condition,  (watts) 

Rotor  I2R  = aFNL>2  (Rfcold) 

F&W  FRICTION  & WINDAGE  LOSS  (Watts) 

F&W  = 2.52  x 10”6  (d^-S^fRPM)1-5 

For  gases  or  fluids  other  than  standard  air,  the  fluid  density  and  viscosity 
must  be  considered.  The  formula  given  in  the  manual  can  be  modified  by 
the  factors. 


where 

- density  - Lbs  FT-2 
A - viscosity  LBS  FT”1  HR-1 

.0765  - density  std.  air 

.0435  - viscosity  std.  air 


WTNL  STATOR  TEETH  LOSS  - at  no  load. 

The  no  load  loss  (W^nl)  consists  of  eddy  current  and  hysteresis  losses  in  the 
iron.  For  a given  frequency  the  no  load  tooth  loss  will  vary  as  the  square  of 
the  flux  density,  (watts) 

^TNL  = .453(bj  i/3)(Q)(^g)(hg)(KQ) 

where 

Wl2 

^ * (k)  [(B) 

Wc  STATOR  CORE  LOSS 

The  stator  core  losses  are  due  to  eddy  currents  and  hysteresis  and  do  not 
change  under  load  conditions.  For  a given  frequency  the  core  loss  will  vary 
as  the  square  of  the  flux  density  (Bc) . (watts) 

Wc  = 1.42  [jD)  - (hcf)  (t^)  (£  a)  (Kq) 
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2 


where  (Bc) 

KQ  = (k)  W 

WpNL  POLE  FACE  LOSS  - at  no  load. 

WPNL  =^(d)  tf^l*  <*2*  ^3)  ^4)  (K5)  (Kg) 


Kj  Kj  is  derived  empirically  and  depends  on  lamination  material  and  thickness. 

K^  = 1.17  for  .028  lam  thickness,  low  carbon  steel 

= 1.75  for  .063  lam  thickness,  low  carbon  steel 

= 3.5  for  . 125  lam  thickness,  low  carbon  steel 

= 7.0  for  solid  core 

K2  = fn(BG)  = 6.  lx  10"5(BG)2,5 

K3  Kg  = fn(FSLT)  = 1.5147  x 10"5  (F8LT)lm  65 

where 


„ _ (RPM) 

FSLT  60 


(Q) 


K4  ForT  = .9 

^ s 

k4  = fa('T)  = .sitTg)1*285 

For  .9  = Ta  = 2.0 

k4  - = .79(Tb)1*145 

For  Tg-*  2.0 

K4  = .92 (Tfl)‘79 
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Kg  can  be  calculated  as  follows: 

For  (bs)/(g)  =1.7 
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K5 


K5  - ft>o>,/g>  ■ -3 [fly/®]2' 31 

NOTE:  For  partially  open  slots  substitute  b0  for  ba  in  equations  shown. 
For  1.7<(bs)/(g)  ^ 3 

K5  = fn(b8)/(g)  = .35[(bs)/(g)]2 
For  3<(bg)/(g)  = 5 

K5  = fn(bs)/(g)  = .625[<b8)/<gj]1,4 
For  (ba)/(g)p>5 

K5  = fn  gyj  /(g)  - 1.38[(b8)/(g)]-965 


Kg  Kg  can  be  calculated  as  follows: 

Kg  = fn(Cj)  = 10  E9323(ci)  * !•  60596] 

= 10  [>323<71>  “ 1 -80593 


DAMPER  LOSS  - at  no  load  at  20°C. 

This  loss  is  produced  slot  ripple  in  the  damper  winding 

1.246(P)(nb)(/b)(fD) 


W. 


DNL 


(acd>  x l0' 


(^s)(Bg)(Kp1)(Kg) 


(Kfj) 


K 


Wl 


(Kf2) 


2(7g>  +Q^g)/(Kg)i)] 

(KW2) 


12 


|2(>s)  + [(7g)/(K(&2] 
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Where 


= 


= 1 - 


[(bs)/2(g[| 


Where 


“g^s* 


Where 


g = (Kg)(g) 


Sl  * -32W 


Where 


32  V(T^r (hb) 


= 2qmf 


- 2(fSi) 


T = -i21L  = — — For  round  or  square  slots 
C (Kfl)  (193) 

°r  7-  (hbl) 

C = 3(1^!)  (Kfj) 


Where  (hb0) 

^ ■ 5ST  + (>,) 


Where  (Tb) 

's  = (g') 


TOTAL  LOSSES  - at  no  load. 


Sum  of  all  losses,  (in  watts) 


Total  losses  = (Rotor  I2R)  + (F  & W)  + (Stator  Teeth  Loss) 


+ (Stator  Core  Loss)  + (Pole  Face  Loss) 


+ (Damper  Loss) 
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T 


LEAKAGE  FLUX  PER  POLE  at  100%  load 


_ («e><rs)*£i  * coaw~]  <ft>  + (Fc> 

U A (Fg)  + (Ft)  + (FC) 


Where 


ed  = c°s  — sin  ^ 


100 


Where 


Where 


0 = cos"1  £(Power  Factor)] 


sin(9)  + (^q)/ (10°) 


^ = tan  1 


cos  (9) 


Where 


t = *P-  » 


^PL  flux  PER  POLE  at  100%  load,  Kilolines 
For  P.  F.  0 to  . 95 

^PL  = ^p) 


«*  - ^ 


For  P.F.  .95  to  1.0 
^PL  = (^p)(Kc) 

^PTL  TOTAL  FLUX  PER  POLE  at  100%  load.  Kilolines 

^PTL  =0PL+ 


BPL  FLUX  DENSITY  AT  BASE  OF  PO^E  at  100%  load,  Kl/in 

bPL  = 


= 0PTL 


aP 


HAEC-92-125 
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Fpl  AMPERE  TURNS  PER  POLE  at  100%  load 

FPL  = [(¥  + ^h)]  [NI/in  at  density  (BpJ] 

FpL  TOTAL  AMPERE  TURNS  PER  POLE  at  100%  load 

The  ampere  turns  per  pole  required  to  produce  rated  load. 

FFL  = <edHFg>  + [}+  co8  (»D  <FT>  + (FC>  + <fpl> 

IppL  FIELD  CURRENT  at  100%  load,  amperes 
JFFL  = (FFL>ANp) 

EpFL  FIELD  VOLTS  at  100%  load 

This  calculation  is  made  with  hot  field  resistance  at  expected  temperature  at 
100%  load. 

Field  Volts  = (IppL)(Rf  hot) 

SpL  CURRENT  DENSITY  at  100%  load  amperes  per  square  inch 
Current  Density  = (lFFL)Aacf) 

rhtR  ROTOR  I2R  at  100%  load 

The  copper  loss  in  the  field  winding  is  calculated  with  hot  field  resistance  at 
expected  temperature  for  100%  load  condition,  (watts) 

Rotor  l2R  = (IpFL)2(Rfhot) 
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WppL  POLE  FACE  LOSS  at  100%  load  (watts) 

f r— 


W 


PFL 


(KbcXIph) 

(C)(Ff) 


^DFL  HAMPER  LOSS  at  100%  load  (watts) 


W, 


DFL 


fsc^W  Sizr}  0.) 


(C)(Fg) 


+ 1 


> (WPNL> 


+ V (wdnl) 


i2rl  STATOR  I2R  at  100%  load 

The  copper  loss  based  on  the  resistance  of  the  winding.  Calculate  at  the 
expected  operating  temperature,  (watts) 

I2Rl  = (m)(IpH)2  (Rsph  hot)  ^y^Qad^ 


EDDY  LOSS  - Stator  I^R  loss  due  to  skin  effect  (watts) 
Eddy  Loss  = I ^P7  ' <EFbot) 


<EFtop)  + 
2 


- 1 


(Stator  I2R) 


TOTAL  LOSSES  at  100%  load  - sum  of  all  losses  at  100%  load. 

Total  Losses  = (Rotor  I2R)  + (F  & W)  + Stator  Teeth  Loss) 
+ (Stator  Core  Loss)  + (Pole  Face  Loss) 

+ (Damper  Loss)  + (Stator  I2R)  + Eddy) 


RATING  IN  KILOWATTS  at  100%  load 

Rating  = 3(EpH)<IpH)  (P.F.)  flLy) 

% LOSSES  = ^Losses/ (Rating  + £Losses^  100 
% EFFICIENCY  = 100%  - % Losses 
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IX.  LIST  OF  ABBREVIATIONS,  ACRONYMS  AND  SYMBOLS 


List  of  Symbols 


Symbol 

KVA 

E 

ePH 

m 


f 

P 

RPM 


lPH 


P.F. 


Kc 

B 

d 

D 

t 


bY 

KI 

k 

l>o 

tol 

to8 

to8 

Q 


Definition 
GENERATOR  KVA 
LINE  VOLTS 
PHASE  VOLTS 
PHASES 
FREQUENCY 
POLES 
SPEED 

PHASE  CURRENT 
POWER  FACTOR 
ADJUSTMENT  FACTOR 
DENSITY 

STATOR  PUNCHING  I.D. 
STATOR  PUNCHING  O.D. 
GROSS  STATOR  CORE  LENGTH 
NUMBER  OF  DUCTS 
RADIAL  DUCT  WIDTH 
STACKING  FACTOR  (STATOR) 
WATTS/LB 
SLOT  OPENING 
SLOT  WIDTH  ACROSS  TOP 
SLOT  WIDTH  ACROSS  BOTTOM 
SLOT  DEPTH 
STATOR  SLOTS 
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Symbol 

ns 


y 

c 

NST 

n'st 


*b 


2 

e 

hST 

h’ST 

^~SK 

X3°C 

fs 

'f  g (hot) 

®min 

*max 

Cl 

cw 

CP 


0IJ 

le 

cm 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 
CONDUCTORS/SLOT 
SLOTS  SPANNED 
PARALLEL  CIRCUITS 

NUMBER  OF  STRANDS  PER  CONDUCTOR  IN  DEPTH 
NUMBER  OF  STRANDS  PER  CONDUCTOR 
DIAMETER  OF  BENDER  PIN 
COIL  EXTENSION  BEYOND  CORE 
HEIGHT  OF  UNINSULATED  STRAND 

DISTANCE  BETWEEN  CENTERLINES  OF  STRANDS  IN  DEPTH 
SKEW 

STATOR  TEMP  °C 

RESISTIVITY  OF  STATOR  WINDING 
RESISTIVITY  OF  STATOR  WINDING 
MINIMUM  AIR  GAP 
MAXIMUM  AIR  GAP 

THE  RATIO  OF  MAXIMUM  FUNDAMENTAL  of  the  field  form  to  the 
actual  maximum  of  the  field  form. 

WINDING  CONSTANT 

POLE  CONSTANT  - The  ratio  of  the  average  to  the  maximum 
value  of  the  field  form. 

TOTAL  FLUX  IN  KILOLINES 

END  EXTENSION  LENGTH 

DEMAGNETIZING  FACTOR,  RATIO  OF  FIELD-POLE  AMPERE-TURNS  TO 
EQUIVALENT  PEAK  SINE-WAVE  ARMATURE  AMPERE-TURNS 

CROSS  MAGNETIZING  FACTOR 
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LIST  OF  SYMBOLS 


CONTINUED 


Symbol 

bh 

bP 

bh 

hf 

K 

oC 

dr 

K1 
X1 
13  bo 
bbo 
hbl 
bbL 
nb 

h 

T„ 

f* 

XD°C 


xf°C 

rt 


Definition 
POLE  HEAD  WIDTH 
POLE  BODY  WIDTH 
POLE  HEAD  HEIGHT 
POLE  BODY  HEIGHT 
POLE  BODY  LENGTH 
POLE  HEAD  LENGTH 
POLE  EMBRACE 
ROTOR  O.D. 

STACKING  FACTOR  (ROTOR) 

POLE  FACE  LOSS  FACTOR 
WIDTH  OF  SLOT  OPENING 
HEIGHT  OF  SLOT  OPENING 
RECTANGULAR  BAR  THICKNESS 
RECTANGULAR  SLOT  WIDTH 
NUMBER  OF  DAMPER  BARS 
DAMPER  BAR  LENGTH 
DAMPER  BAR  PITCH 
DAMPER  BAR  RESISTIVITY  % 20°C 
DAMPER  BAR  TEMP  °C 
NO.  OF  FIELD  TURNS 
MEAN  LENGTH  FIELD  TURN 
FIELD  TEMP  IN  °C 

RESISTIVITY  OF  ROTOR  WINDING  AT  20°C  COLD 
RESISTIVITY  OF  ROTOR  WINDING  AT  Xfoc 
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NAEC-92-125 


Symbol 
F «.  W 

L 

»0 

t3 

Ts  1/3 

ksk 

Kd 

s 

ne 

ac 

SS 

A 

rsph 

rsph 

EF  (top) 
EF  (bot) 
btm 
bt  1/3 
bt 
g 

CX 

At 

ke 

Ae 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 

FRICTION  & WINDAGE  LOSS 
SOLID  CORE  LENGTH 
DEPTH  BELOW  SLOTS 
STATOR  SLOT  PITCH 
STATOR  SLOT  PITCH 
SKEW  FACTOR 
DISTRIBUTION  FACTOR 
PITCH  FACTOR 

TOTAL  EFFECTIVE  CONDUCTORS 
CONDUCTOR  AREA  OF  STATOR  WINDING 
CURRENT  DENSITY 
1/2  MEAN  TURN 

COLD  STATOR  RESISTANCE/PHASE 
HOT  STATOR  RESISTANCE/PHASE 
EDDY  FACTOR  TOP 
EDDY  FACTOR  BOTTOM 
STATOR  TOOTH  WIDTH 
STATOR  TOOTH  WIDTH 

TOOTH  WIDTH  AT  STATOR  I.D.  IN  INCHES 
MAIN  AIR  GAP  IN  INCHES 

REDUCTION  FACTOR  used  in  calculating  (62) 
SLOT  LEAKAGE  PERMEANCE 
LEAKAGE  REACTIVE  FACTOR 
END  WINDING  FLUX  LEAKAGE  PERMEANCE 
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NAEC-92-125 


Symbol 

q 


TP 

•p 

Te 

Tt 

^3/ 

acf 

Rf  (cold) 
Rf  (hot) 

Vr 

'tr 

T’do 

Ta 

T"d 

Fsc 

SCR 

KS 

Ag 

Aa 


«e 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 

SLOTS  PER  POLE  PER  PHASE 
CONDUCTORS  PER  SLOT 
POLE  PITCH 
POLE  AREA 

POLE  END  LEAKAGE  PERMEANCE 
POLE  TIP  LEAKAGE  PERMEANCE 
POLE  SIDE  LEAKAGE  PERMEANCE 

AREA  OF  CONDUCTOR  - The  actual  area  of  the  conductor  taking 
into  account  the  corner  radius. 

COLD  FIELD  RESISTANCE  § 20°C 

HOT  FIELD  RESISTANCE  AT  X°C 

PERIPHERAL  SPEED  OF  ROTOR 

MEAN  TURN  - The  mean  length  of  rotor  turn.  This  value  must 
be  calculated  from  a layout  of  the  rotor  winding. 

OPEN  CIRCUIT  TIME  CONSTANT 

ARMATURE  TIME  CONSTANT 

SUBTRANSIENT  TIME  CONSTANT 

SHORT  CIRCUIT  AMPERE  TURNS 

SHORT  CIRCUIT  RATIO 

CARTER  COEFFICIENT 

MAIN  AIR  GAP  AREA 

AIR  GAP  PERMEANCE 

EFFECTIVE  GAP  - The  effective  single  air  gap. 

ge  = KgKjg  (for  rotors  with  slotted  pole  centers)  * 

(67)  (308)  (59) 

ge  * Kgg  (for  rotors  with  solid  pole  centers)  ■ (67)  (59) 
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NAEC-92-125 


Symbol 

A 

X 


Xad 

Xaq 

xd 

Xq 

Xf 

Lf 

Xd^ 

XD0 

Bg 

Be 

Fip 

Fc 

Fs 

XF 

EF 


H 

0p 

Bt 

PP 

Ff/ 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 

AMPERE  CONDUCTORS  PER  INCH 
REACTANCE  FACTOR 
LEAKAGE  REACTANCE 

REACTANCE  DIRECT  AXIS  REACTANCE  OF  ARMATURE  REACTION 
QUADRATURE  REACTANCE 

SYNCHRONOUS  REACTANCE  Xd  = X + X^  = (130)  + (131) 

PER  UNIT  QUADRATURE-AXIS  SYNCHRONOUS  REACTANCE 

FIELD  LEAKAGE  REACTANCE 

FIELD  SELF  INDUCTANCE 

DAMPER  LEAKAGE  REACTANCE  DIRECT 

DAMPER  LEAKAGE  REACTANCE  QUADRATURE 

GAP  DENSITY  IN  KILOLINES/ in2 

CORE  DENSITY  IN  KILOLINES/ in2 

STATOR  TOOTH  AMPERE  TURNS 

STATOR  CORE  AMPERE-TURNS 

STATOR  AMPERE  TURNS 

FIELD  CURRENT 

FIELD  VOLTS 

CURRENT  DENSITY  AMPS/ IN2  IN  FIELD  CONDUCTOR 
AIR-GAP  AMPERE-TURNS 
LEAK  FLUX 

FLUX  PER  POLE  IN  KILOLINES 
TOOTH  DENSITY  IN  KILOLINES/ in2 
POLE  AMP  TURNS 
TOTAL  AMP  TURNS 
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NAEC-92-125 

LIST  OF  SYMBOLS  - CONTINUED 
Definition 

FIELD  AMPS 

CURRENT  DENSITY  IN  FIELD  CONDUCTORS 
FIELD  VOLTS 
ROTOR  i2r 
STATOR  TEETH  LOSS 
STATOR  CORE  LOSS 
POLE  FACE  LOSS 
DAMPER  LOSS 
STATOR  iSR 

RATIO  OF  POLE  ARC  TO  POLE  PITCH 
POWER  FACTOR  ANGLE  OF  THE  LOAD 

ANGLE  IN  ELECTRICAL  RADIANS,  MEASURED  FROM  CENTER-LINE  OF 
POLE  TOWARDS  CENTERLINE  BETWEEN  POLES 

POLE  PITCH  MEASURED  AT  STATOR  BORE 

A CONSTANT  FOR  LOCATING  POINT  III  ON  THE  AUXILIARY  T PLANE 
OF  THE  SCHWARZ-CHRISTOFFEL  TRANSFORMATION 


DISTANCE  ALONG  STATOR  BORE  BETWEEN  END  OF  POLE  EMBRACE  AND 
ADJACENT  CENTER-LINE  BETWEEN  POLES 

nth  HARMONIC  OF  THE  FIELD  FORM,  THE  RATIO  OF  THE  MAXIMUM  nth 
HARMONIC  TO  THE  ACTUAL  MAXIMUM  VALUE  OF  THE  FIELD  FORM 
(FIGURED  WITH  DIRECT-CURRENT  FIELD  EXCITATION  ACTING  ALONE 
AND  WITH  NO  SATURATION) 

RATIO  OF  THE  PEAK  nth  HARMONIC  OF  THE  FIELD  FORM  PRODUCED 
BY  UNIT  PEAK  FUNDAMENTAL  ARMATURE  MAGNETOMOTIVE  FORCE,  TO 
THE  MAXIMUM  ACTUAL  VALUE  OF  THE  FIELD  FORM  PRODUCED  BY  UNIT 
MAGNETOMOTIVE  FORCE  FROM  THE  FIELD  POLES  (FIGURED  WITH  NO 
SATURATION) 

RATIO  OF  THE  PEAK  nth  HARMONIC  OF  THE  FIELD  FORM  PRODUCED  BY 
UNIT  PEAK  FUNDAMENTAL  ARMATURE  MAGNETOMOTIVE  FORCE  IN  THE 
DIRECT  AXIS,  TO  THE  MAXIMUM  ACTUAL  VALUE  OF  THE  FIELD  FORM 
PRODUCED  BY  UNIT  MAGNETOMOTIVE  FORCE  FROM  THE  FIELD  POLES 
(FIGURE)  WITH  NO  SATURATION) 
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Symbol 

cnat 

cnadv 

^naq 

cnaqt 

cnaqp 

Cnt 

Cnp 

Cr 

F 

Fd 

Fg 

*l 

Fq 

8n 

Sx 

Hn 

I 

Id 

n 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 

INTERPOLAR  COMPONENT  OF  Cnad 
INTRAPOLAR  COMPONENT  OF  Cnad 

RATIO  OF  THE  PEAK  nth  HARMONIC  OF  THE  FIELD  FORM  PRODUCED  BY 
UNIT  PEAK  FUNDAMENTAL  ARMATURE  MAGNETOMOTIVE  FORCE  IN  THE 
QUADRATURE  AXIS,  TO  THE  MAXIMUM  ACTUAL  VALUE  OF  THE  FIELD 
FORM  PRODUCED  BY  UNIT  MAGNETOMOTIVE  FORCE  FROM  THE  FIELD 
POLES  (FIGURED  WITH  NO  SATURATION) 

INTERPOLAR  COMPONENT  OF  Cnaq 

INTRAPOLAR  COMPONENT  OF  Cnaq 

INTERPOLAR  COMPONENT  OF  Cn 

INTRAPOLAR  COMPONENT  OF  CQ 

FUNDAMENTAL  OF  THE  FIELD  FORM,  THE  RATIO  OF  THE  MAXIMUM 
FUNDAMENTAL  TO  THE  ACTUAL  MAXIMUM  VALUE  OF  THE  FIELD  FORM 
(FIGURED  WITH  DIRECT-CURRENT  FIELD  EXCITATION  ACTING  ALONE 
AND  WITH  NO  SATURATION) 

PEAK  FUNDAMENTAL  ARMATURE  AMPERE-TURNS 

PEAK  FUNDAMENTAL  ARMATURE  AMPERE-TURNS  IN  THE  DIRECT  AXIS 

NO-LOAD  AIR-GAP  AMPERE-TURNS 

D-C  FIELD  AMPERE-TURNS  UNDER  LOAD 

PEAK  FUNDAMENTAL  ARMATURE  AMPERE-TURNS  IN  THE  QUADRATURE  AXIS 
SINGLE  AIR  GAP  AT  CENTER  OF  POLE  FACE 
SINGLE  AIR  GAP  AT  POLE  TIP 

PER  UNIT  CONTENT  OF  THE  nth  HARMONIC  IN  A SINGLE,  UNSKEWED 
ARMATURE  CONDUCTOR 

PER  UNIT  LOAD  CURRENT 

PER  UNIT  LOAD  CURRENT  IN  THE  DIRECT  AXIS 

PER  UNIT  LOAD  CURRENT  IN  THE  QUADRATURE  AXIS 

ORDER  OF  HARMONIC 
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Symbol 

P 


z 


C 

r 

s 

t 

U 


LIST  OF  SYMBOLS  - CONTINUED 
Definition 
NUMBER  OF  POLES 
PER  UNIT  LOAD  RESISTANCE 

MAGNETIC  FLUX,  USED  AS  ABSCISSA  OF  THE  COMPLEX  W PLANE 
PTO  UNIT  TERMINAL  VOLTAGE 

MAGNETIC  POTENTIAL,  USED  AS  ORDINATE  OF  THE  COMPLEX  W PLANE 

FIELD  FUNCTION,  COMPLEX  VARIABLE  WITH  REAL  PART  u AND 
IMAGINARY  PART  v 

PER  UNIT  LOAD  REACTANCE 

ABSCISSA  OF  THE  COMPLEX  Z PLANE 

PER  UNIT  DIRECT-AXIS  SUBTRANSIENT  REACTANCE 

ORDINATE  OF  THE  COMPLEX  Z PLANE 

PER  UNIT  INTERNAL  GENERATOR  IMPEDANCE  TO  ntb  HARMONIC 
CURRENT 

PER  UNIT  LOAD  IMPEDANCE 

PER  UNIT  LOAD  IMPEDANCE  TO  nth  HARMONIC  CURRENT 
COMPLEX  VARIABLE  WITH  REAL  PART  x AND  IMAGINARY  PART  y 
PARALLEL  PATHS 

ABSCISSA  OF  THE  T PLANE  OF  THE  SCHWARZ-CHRISTOFFEL 
TRANSFORMATION 

ORDINATE  OF  THE  T PLANE  OF  THE  SCHWARZ-CHRISTOFFEL 
TRANSFORMATION 

COMPLEX  VARIABLE,  WITH  REAL  PART  4 AND  IMAGINARY  PART  s 
MAGNETIC  POTENTIAL  OF  THE  POLE  FACE 


139  (ABBREV-9) 


INTERNAL 


927  (1) 

9271  (1) 
92712  (3) 

9272  (1) 
9272b  (b) 


EXTERNAL  / 

✓ 

NAVAIRSYSCOM  (AIR-3UOE)  (3) 
NAVAIRSYSCOM  (AIR-53^32)  (5) 
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